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20-cnt, Hammer, Blackheath Stampings Co. Lid 


cut costs with... 


Massey Marathon hammers are specially designed 

for mass production forging. They are made in sizes 
from 10 cwt. to 40 cwt. and being electrically driven the 
running costs are low: the insulation of the lifter 


from shock ensures low upkeep costs and the 


design of the slides and standards makes it 
possible to work to close limits 
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Massey designs include :— 

Sream and Compressed Air Hammers, 
Pneumatic Power Hammers, Friction Drop 
Hammers, Double-acting Steam and 
Compressed Air Drop Hammers, 

Forging Presses, Trimming Presses, 

Tyre Fixing Rolls 


Be ASSEY IF? opENSHAW - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 
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BARFIELD 
ARBONITRIDIN 


... the best in every case 


and Drop Forging 





CONSIDER THESE POINTS: 


® Clean working conditions 


@ Unskilled labour may be employed to 
carry out the process 


@ Post-cleaning operations reduced 


® No storage space required for case hard- 
ening materials 


@ Simple system of atmosphere control 
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FOR ALL HEAT-TREATMENT PURPOSES 





Rotary drum furnace 


WILD-BARFIELD 
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Tri-Mor Plastics 
and Gastables 
make installation 
Easier 

Quicker 

and Cheaper 


Bustle main of Queen Victoria Blast Furnace showing ‘ 
* Gur 
-Fr ling h 


Inside diameter of shell § feet. Thickness of 
ph by « 


Photograt 


urte f the Ap 


TRI-MOR GRADES 


TRI-MOR Standard Castablé 


exture tractory having 


to 
temperature 


Limiting service 


TRI-MOR High Strength Castable 
A Tri-Mor Standard ¢ 

specially developed to very hi 
nical strength over the 
Maximum service temperature 1,250 ¢ 


TRI-MOR High Temperature 
Suitable for face 
extremely hig 
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Tri-Mor Dense ‘Guncrete’. 
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TRI-MOR High Temperature Mouldable 
A for use up to 1,650 C: low 
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Cold rolling 
comes into 
this picture 


. OF Indeed into almost any picture of 
the things you see in daily life. And if 
cold rolling comes into the picture, there's 
a good reason tor Doncasters rolls 
coming into cold rolling! Many leading 


cold rollers specity Doncasters rolls tor 


their high quality and consistency in 
pertormance. 
nt . 
j — \ 








DONCASTERS © 
1778 DD 




















HARDENED STEEL ROLLS 


Few other products get, or need, the 
constant care and specialised knowledg¢ 


which goes into the making of a 





Doncasters hardened steel roll. Ever 


roll receives individual] attention from A. 
the making of the steel to the final A 
finishing operation. 
DANIEL DONCASTER & SONS LIMITED . SHEFFIELD 


FORGINGS - DROP FORGINGS - HARDENED STEEL ROLLS - HEAT TREATMENT 
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service temperature up to 1,800 C (3,300 F). 


fractory Concrete free from iron Compounds and 


Silica is now possible for the first time. 


A REFRACTORY 


SEGAR 250 


is a product of 
Lafarge Aluminous Cement Co. Ltd. 


ALUMINOUS CEMENT 





LAFARGE ALUMINOUS CEMENT CO. LTD. 








This cement when mixed 
with appropriate aggregates provides 
Super-duty Castable Refractory Concrete for 


CONCRETE FOR 
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Re gistered Trade Mark 


ANY PURPOSE 
BECAUSE 
\ t tire Refractory field can be covered by 
based on SECAR 250 or 
have all the well known properties 
I 
PLUS 
@ HIGH PURITY 


@ HIGH REFRACTORINESS 

@ HIGH SLAG RESISTANCE 

e HIGH COLD STRENGTH 

e@ HIGH SPALLING RES'STANCE 

e@ HIGH CASTING ACCURACY 

@ HIGH RESISTANCE TO CORROSIVE ATMOSPHERES 
@ NO SPECIAL PRE-FIRING PROCEDURE 


WRITE FOR BOOKLETS ‘SECAR 250° AND ‘REFRACTORY’ CONCRETE 


73, BROOK STREET, LONDON, W.1. TEL: MAYfair 6546 


ive 
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From 1.C.1. AMMONIA— 


Nitrogen and Hydrogen 
for Industry 


1.C.1. Ammonia provides industry with a cheap 
and reliable source of pure nitrogen and 
hydrogen. And I.C.I. gas generating plants 
are available to convert ammonia into a wide 
range of nitrogen/hydrogen gas mixtures. 











Anhydrous Ammonia 


with a guaranteed minimum purity of 99.98%, 
to meet more exacting requirements, is offered 
in bulk and in a wide range of cylinder sizes, 


NITROGEN 


Liquefied Ammonia (/ndustria! Quality), 


a cheaper grade, is available in bulk and in 
two-ton containers for the larger consumer, 
and makes possible substantial economies in 
gas costs. 


A bulk delivery of 10 tons of ammonia 
provides over 17 million cu. ft of nitrogen. 


Full information on request : 
IMPERIAL CHEMICAL INDUSTRIES LTD. 
LONDON, $.W.1. 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 





UP TO 20% FUEL SAVING. 
SMOKELESS COMBUSTION. 
NO UNCONTROLLED AIR. 
MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 
TECHNICAL & ADVISORY SERVICES. 





Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS 
REDUCED MAINTENANCE 


LESS WASTAGE, 
AND INCREASED OUTPUT. 


Oil-fired Slot Type Forge Furnaces 


DAVID ETCHELLS & SON LTD 


FURNACE DIVISION 
DARLASTON S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 
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“NEWSTAD ”’ 


Recirculation 


Ilustration shows one of our furnaces 
at Messrs. David Brown Industries 
Ltd., used to heat-treat fabrications 
for their famous Radicon gear boxes. 
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The rapid development of heavy fabrications to replace 
castings has led to the introduction of our Recirculation 
Furnaces for stress relieving and preheating. If required 
these furnaces can be supplied to cover the whole 


temperature range of 500 to II00C. 


SEND FOR LEAFLET NO. 47 








MODERN FURNACES INDUSTRIAL 





and STOVES LIMITED Me 











BOOTH STREET, BIRMINGHAM 21. sone: SMEthwick 1591-2 grams: Mofustolim, B’ham 21 
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set by 
DZUS FASTENER 
EUROPE LIMITED 


To heat-treat about half a million 





small quick-locking fasteners 
per month for use in cars, 
aircraft, etc., to give perfect 





scale free finish. 





The problem & | é 


given by the ‘Cassel’ Heat Treatment Service 


A totally enclosed, hand-operated ‘Cassel’ gas furnace {15} 18). The fasteners are put into the 





hopper on the left and passed from the pre-heater through a salt bath containing ‘Cassel’ 
W.S.720 and Regenerator A into a water quench to emerge down the chute on the right. 
Minimum handling through these stages is given by the three handwheels. Tempering of the 
hardened fasteners takes place in ‘Cassel’ T.S.150 tempering salt. ‘Cassel’ salts give complete 
freedom from decarburisation and scale. 





IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
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metal treatment 


Forging 


&@ FFCO ISOTHERMAL QUENCH 


BATHS 


for austempering and 
martempering up to 
Cc. 


Publication 8.18 


HIGH SPEED STEEL 
TWIN CHAMBER 


Preheating up to 
1000 C. and harden 
ing up to 1350C 
without decarburis 
ation 

Publication RF.1017 


EFCO-UPTON CONTINUING GRAPHITE 


ee - 


~ } 
> 


ar 


ELECTRODE SALT BATH 


Hardening high 
speed steels, alumin- 
ium brazing and all 
processes up to 
1300°C. with bath 
free from metallic 
oxides 

Publication R.27 


- 
} | =e EFCO-LINDBERG CYCLONE 
at | * FURNACES - GAS OR ELECTRIC 
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NETHERSY 


for fast and accurate 
tempering and gen- 
eral heat treatment 
up to 750°C 
Publication R.17 


EFCO FORCED AIR 


CIRCULATION FURNACES 


For tempering 
stress relieving, alu- 
minium alloy heat 
treatment and all 
up to 


processes 
700°C 
Publication R.2 


QUEENS ROAD : WEYBRIDGE 





EFCO BOX TYPE 
FURNACES 


Box carburising and 
general treatmentto 4. 
150 C 

Publication R.3. 


EFCO ELECTRIC 
SALT BATHS 


Cyanide hardening ° 
carburising, neutral 
treatment to 1000 °C 
Publication R.1 


EFCO SALT BATH FURNACE ’ 
MIDGET TYPE 


withinterchangeabie ‘ 
pots for processes |@ 
from 600 to 1350 °C a 4 
for small outputs 

Publication R.16 


- 
rs we Y 


EFCO SENTRY FURNACE 


Diamond Block 
method of atmo 
sphere control for 
high speed steel har- 4 
dening up to 1350 °C + 
Vertical or horizon 

tal 

Publication R.6 


a 


| 





EFCO VERTICAL MUFFLE 
TYPE FURNACES 


- im - 


for heat treatment 

of long or slender 

parts ' 
Spec. Sheet 1729 


SURREY 
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TREATMENT 


EFFICIENCY 
IN YOUR 
TOOL ROOM 


In this age of ever 
increasing productivity, | 
quality control and 
necessity for reduction 
of costs, efficiency in 
your Too! Room is vital. 
EFCO have introduced 
major improvements 
in furnaces 

for all processes. 

May we send you our 
brochures describing 
some of the 

furnaces which can 
modernise your pliant. 


en ee ees 





ELECTRIC RESISTANCE FURNACE CO LTD 


Telephone : 38?! Telex: 22040: 
« Telegrams: Resistafur, Weybridge 








WILKINS & MITCHELL 


Spee oem te 











HOT BRASS STAMPING PRESS 
FITTED WITH MULTI-CORE 
SUB PRESS. 


Wilkins & Mitchell Hot Brass Stamping 
Presses, 100 and 200 tons capacity, each 
fitted with a Multi-Core Sub Press installed 
in The Yorkshire Copper Works, Leeds. 





WILKINS & MITCHELL: LTD 


DARLASTON . SOUTH: STAFFS ° ENGLAND 


Export Section, 70 Park Lane, W.| 
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Forgings 

available on request 
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SHEFFIELD 
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DROP FORGINGS 
NAPIER DELTIC 


diesel engine 


The 3.300 h.p. ‘ENGLISH 
ELECTRIC’ Deltic 
Locomotive 1s the most 
powerful single-unit diesel 
electric locomotive in the 
world. The main power 
transmitting gears in the two 
Napier Deltic engines in the 
Locomotive are manufactured 


from Firth-Derihon forgings 


FIRTH - DERIHON 


DARLEY DALE 


STAMPINGS LIMITED SHEFFIELD 
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ARHELD GD 
Vacuum Melting 











INDUCTION AND ARC 
FURNACES 


The experience of the National Research Corporation, 
who have built and operated more high vacuum furnaces 
than any other company in the world, and the facilities 
in Britain of Wild-Barfield combine to offer unsurpassed 
vacuum melting equipment 

Roth are and induction furnaces are available, the 
former with consumable or non-consumable electrodes, 
cold mould or skull type. Induction heated equipments 
include the N.R.C. patented semicontinuous vacuum 





melting furnaces Model 2555 Vacuum Incuction Furnace with mein capact:y of S) pounds 


[INDUCTION HEATED FURNACES FOR... 


Melting, Alloying, and Purifying; Centrifugal, 
Ingot, Shape, and Investment Casting; Sinter- 
ing, Brazing, Degassing and Heat-Treating 


ARC FURNACES FOR... 


Melting and alloying high temperature or re- 
active metals such as niobium, tantalum, 
cobalt, zirconium and titanium. 


OTHER VACUUM EQUIPMENTS 





® Vacuum Fusion Gas Analyser 
® Hydrogen Analyser 
® Resistance Furnaces 
° High Vacuum Diffusion Pumps 
NRO hd) ety del Offen. a RRR Coe aa Model 2705 Non-  orsu nue Are Shull Furnace with pat i SO pounds 


of titanium. Other standard vacuum arc furnaces ha-e capaci.ies af § to 
/ JA) pounds of titanium 


FOR ALL HEAT-TREATMENT PURPOSES 





<LECFURN WORKS TTE 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


NRC 
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36° TYPE 23RH 
EXTRACTOR FOR 
RECLAIMING CUTTING 
OILS AND COMPOUNDS 
FROM SWARF 





BROADBENT PLANNED SWARF DISPOSAL 


euts production costs 


by efficiently reclaiming cutting oils and compounds with BROADBENT 
CENTRIFUGAL OIL EXTRACTORS, and by leaving cleaner scrap 
which demands higher prices and reduces transport costs 


keeps factories cleaner 


by eliminating oil soaked floors and at the same time keeping swarf 
clear of both machines and operators 


*% Write for publication $2 5110 





THOMASH 4 SOW WDE. waa mie & SONS LTD 


CENTRAL IRONWORKS, HUDDERSFIELD Phone: 5520-5 Grams: ‘‘ BROADBENT”’ Huddersfield 

















metal treatment 
and Drop Forging 


february, 1959 19 


Save time 
and money 
with the NEW 


BED WAY 
INTENSIFIERS 








NO OTHER METHOD OF INDUCTION HARDENING OFFERS SO MUCH! 


@ Distortion is a maximum of only 1 thou. per foot run. 

@ Where grinding is carried out as a general operation, 
working time can be cut by up to 90%. 

@ There is no scaling of the hardened surface. 

* 


Because it allows single traverse working this new 
Delapena method makes hardening a production 
line process. 


Uses only 30% of the power required by other methods 
of induction hardening. 





Working to a hardness of 30-40 thou., hardening can 
be carried out at the rate of up to 15” per minute. 


It will pay you to find 
PL NOE out more about this 
amazing new process— | 
east in why not write to | 
Delapena NOW? 











Delapena 





DELAPENA & SON LIMITED 
Manufacturers of Induction Heating and Precision Honing Equipment 


TEWKESBURY ROAD, CHELTENHAM, GLOUCESTER, ENGLAND 
Teiep : Chet 563416 - Telex 43354 Telegrams: Osiapena, Chreitennam 
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Introducing 2 new 
versatile and compact units 
for surface hardening and 


brazing heavy sections 








18kW and 7KW 
High Frequency 


Induction 
Heaters 


Each heater has a power output control to 
adjust impedance matching of the loads 
giving optimum conditions for a wide range 
of applications. 

The work coils are easy to make and easy 
to interchange. 

lank circuit has a high kVA rating, allow- 
ing the full available power to be applied to 
very difficult loads, 

Work table supports are fitted on the lower 
front panel and retracting trunnions are 


provided at the base to facilitate movement 


THE 18 kW HIGH FREQUENCY INDUCTION HEATER 


Finished in stove-enamelled Oxford blue 
with front panel stove-enamelled polychro- 


matic silver, Output control guide plate and 





work table supports chromium plated. 


Write for further information. 








For efficient process heating use 


&6.C FURNACES - HIGH FREQUENCY * INFRA-RED 


THE GENERAL ELECTRIC CO. LTD.. MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Caliper type brake 

Our own design giving exceilent 
performance under severest conditions. 
Top and bottom ejectors 

air operated, adjustatile to suit all requirements. 
Operation of air ejectors 

can be limited to every second or third 
stroke as required 

Calibrated table adjustment 


ensures, accurate die setting 






The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 
and requires minimum maintenance 
for safe, reliable operation. 


Write for details to 


EUMUCO (England) Ltd 


26 FITZROY SQUARE, LONDON, W.1. TELEPHONE: EUSTON 465! 
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all the way 


Every furnace is an Incandescent furnace in the 
annealing shop at the Abbey Works of the Steel 
Company of Wales Ltd. More are to follow, and 
extensions now in progress (seven furnaces and 
eighteen bases) will bring the installation up to 

29 furnaces and 78 bases, with an output of 
17,000 tons per week 















a 


THE INCANDESCENT HEAT CO. LTD « SMETHWICK + ENGLAND 


12/10/59 
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ELECTRO-HYDRAULIC 
HAMMER-PRESS 


This ‘LASCO’ operates as a 


300 ton press, or 7 ton gravity 





drop-stamp. 

Self contained, infinitely variable 
speeds and pressures of ram 
and drawing cushion. 
Instantaneous in action. 


Range from 75 tons upwards. 


+--) sce, 
: 


g 
i 
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PAUL GRANBY & CO.LTD. 


¢ 39 VICTORIA STREET-WESTMINSTER-LONDON-S Wi 


Telephone: ABBEY 5338 Telegrams: POWAFORGE. SOWEST, LONDON Cables: POWAFORGE, LONDON 
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TEMPERATURE 
| RECORDER 


TYPE 800 
* 

Single or multi-point 
* 
Exceptional accuracy 
* 

6 Calibrated chart 
* 

Many refinements 














ENQUIRIES, SALES & SERVICE: 

Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 

Caxton Way, Stevenage, Herts. 
Stevenage 2110-7 


Representatives throughout the U.K. 
Agents in all principal countries 





Ceeeeeeeeeeveceterreaeee 


Cheeeeeeeeceeaeeeetse 


This new Recorder is an instrument 
of the highest quality. It records any 
number of independent temperature 
points from one to six with exceptional 
accuracy, 


Special features include: chart speeds 
of ] in., } in. or 2 in. per hour; an 
automatic rewind-ribbon-mechanism; 
fully-compensated galvanometer; an 
entirely new scanner commutator; and 
a hinged chassis for quick, easy, . 
inspection and servicing. . 


























TEMPERATURE & PROCESS CONTROL EQUIPMENT FOR ALL INDUSTRIES 
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One of the oldest manufacturers of commercial motor vehicles in this country, 


Albion Motors keep up to date in their manufacturing methods 
by installing the latest and most efficient equipment available. 
An example is the electrically heated Pusher Furnace supplied 


by G.W.B. Furnaces Limited. 





APPLICATION Various forgings such as main 
shafts, countershafts, pinion shafts and gear blanks 
are normalised by heating up to 900 C. and slow 
cooled down to 400 500°C. 

AUTOMATIC OPERATION The only labour 
required is for placing the components into the 
charge trays at the entrance end of the furnace. By 
pressing a button, the following cycle automatically 
takes place. (1) The entrance door rises. (2) The 
pusher ram propels the loaded tray into the fus- 
nace. (3) The ram returns. (4) Entrance dor 
lowers. (5) Exit door riscs. (6) Hydraulically oper- 
ated go-getter pulls last tray from exit end of 
furnace on to a cross conveyor. The cross conveyor 
moves the normalised parts to the top of an 
inclined roller track where the tray is unloaded by 
a tipper, and then returns empty to the entrance 
end of the furnace. 


Overall view from charging end of 145 kw Pusher Type Normalising me “ 3 
Furnace at Albion Motors Limited OUTPUT 600 Ibs. of normalised forgings per hour. 


Guu G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Tel: Dudley 4284/5/6/7 & 5081/2/3/4/5. 
Associated with Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. Gws2is 
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do you 
get 
faulty 


welds 


TEMPERATURE RANGE 
75 —300° C. 
CAPACITY APPROX. 


3 CWTS. ELECTRODES 





{ 


\ 






\ major cause of faulty welds is 
moist welding electrodes. ,The Welding Rod Drying Ove: 


WO 18/20 illustrated has been specially designed 


as a storage unit for drving and preheating 
The Portable Vertical Drying Oven Type VWO 9/18 
is especially suitable in restricted working areas 
where portability is of prime importance 
a 
ns 


Siemens-Schuckert 
(Great Britain) 


FARADAY WORKS GRCOAT WEST AD. 







BRENTFORD MIDDLESEX 


RAM SIEMENSDYN, BRENTFORD, HOUNSLOW 


Birmingham : Te!. Midiond 2082 « Cardiff - Glasgoy Manchester : 7 t 467 » Newcastle : Te/. 286/17 - Sheffield : Te!. 6/564 
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the importance of seeking new and better methods in industry. We have also from 
time to time taken to task those (notably the steel industry) whom we have reason to 
believe are somewhat dilatory in these matters. 


le these editorial pages we have frequently, some might say too frequently, argued 


Now at a time when gross national production is running some 20°,, below capacity 
it is natural that attention tends to be focused far more on our present difficulties than 
on what may or may not be our competitive position in two or three years’ time. This is 
inevitable, but all the same it does not alter the fact that the beginning of the year 1959 
saw a development which may exert an incalculable influence on our economy in the 
long run, namely the launching of the first stage of the European Common Market. Since 
1952 six leading nations of continental Europe have been linked in the European Coal 
and Steel Community, and the first step has now been taken to extend this practice to 
cover all their industrial products. While Britain has a treaty of association with E.C.S.C. 
she is not a full member; but negotiations are in progress which will eventually determine 
whether we take the further step and become part of a European Free Trade Area. 


What has this to do with industrial efficiency and the introduction of new production 
methods ? The answer has been given in no uncertain terms by Sir Cecil Weir, Chairman 
of the British Tabulating Machine Co. Ltd., and former Head of U.K. Delegation to 
E.C.S.C., when he gave the Sir Alfred Herbert Paper to the Institution of Production 
Engineers on December 11, 1958. Sir Cecil entitled his paper ‘ The European Common 
Market, the Free Trade Area and the Production Engineer,’ and after outlining the essen- 
tial features of the new economic arrangements he went on to say . . . ‘ We have made a 
Treaty of Association with the Coal and Steel Community and we must hope that in its 
different form we shall successfully create a Free Trade Area associated with the Common 
Market. 


‘ If we do, there is a new and immediate challenge to British industry and to the pro- 
duction engineer. We should be progressing swiftly towards free trade in the products of 
industry, a free trade which would not allow us the entry into continental markets on an 
equality with their own producers, but which would give the continental manufacturers 
the same facilities in our domestic market which we enjoy ourselves. If we do not succeed 
in creating a Free Trade Area the challenge will be all the greater and of a less agreeable 
character. But one way or the other we must hold our place in the world economy. 


‘ Here is where the production engineer finds a task appropriate to his profession, suited 
to his training and vital to his country. Jt is to study continuously every new method of 
production being tried out or used in other industrial countries as well as in our own, and to 
apply the best of them in his own factory or workshop or whatever it may be.’ (Our italics.) 


Sir Cecil went on to say that space did not allow him to examine the probable conse- 
quences of a Free Trade Area and a Common Market on every British industry, but this 
had been very competently tackled by fhe Britain in Europe Committee in collaboration 
with the Economist Intelligence Unit. He concluded by saying... ‘ But, by and large, 
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over the wide fields of engineering, which embraces so large a part of British industry, in 
chemicals and in some, but by no means all, the consumer goods industries, we have 
nothing to fear from equal competition and much to gain provided, and only provided, 
that we go out for the business. By that I mean keep our methods modern and our pro- 
duction costs low, familiarize ourselves with the markets we must break into, sustain the 
campaigns on which we embark, study the habits, the practices and the design require- 
ments of each customer country, and remember always that in a competitive struggle, 
matching goods against goods, values against values, and wits against wits, in the long 
run it will be the best that will win.’ 


At a time when, according to the Industrial Correspondent of The Times, continental 
reinforcing bars cost £28 per ton and British ones £40 per ton Sir Cecil Weir’s words 
are worth pondering. 


Between two stools 


As this issue of METAL TREATMENT goes to press, the new Iron and Steel Gallery at the 
Science Museum, in South Kensington, is thrown open to the public. Costing £60,000, 
most of which has been contributed by the British Iron and Steel Federation, it is 
intended to bring up to date the museum’s exhibits covering the subject of ferrous metal- 
lurgy and provide adequate demonstration of modern techniques for students who may be 
interested in this subject. 


We regret to say that we doubt very much whether it does either. Quite frankly the whole 
thing appears to be a hopeless hodge-podge of the old and the new, suffering from a kind 
of schizophrenia and unable to make up its mind whether to be a collection of interesting 
and important relics or a gallery of demonstration and instruction such as may be found so 
admirably laid out in the Geological Museum next door. 


In spite of the hope expressed by Lord Mills on the opening day that the gallery might set 
the feet of a young Watt, Stephenson or Bessemer along the path beaten by their pre- 
decessors, it is hard to see how a visit to this exhibition could leave a youngster knowing 
very much more about the subject than he did when he came. Very little effort has been 
made to explain simply and clearly the difference between ‘ iron ’ and ‘ steel,’ for example, 
nor is there much indication that a student, unless he already knew a good deal about the 
subject, would readily realize the difference between the various sorts of ‘iron.’ The 
opportunity of showing why the Bessemer converter marked such a tremendous advance 
and how the open-hearth furnace is superior to the puddling furnace has been lost 
altogether. As for poor Sidney Thomas, whose invention of the basic lining is perhaps 
the most important item in the entire chemistry of steelmaking, he is condemned to a short 
note on the lower shelf of a showcase and a picture which, judging by others of the same 
ilk, is not even a very good likeness! 


No, the sponsors of this exhibition have not done a good job, and the standards of presenta- 
tion at the Science Museum are not enhanced by the Iron and Steel Gallery. We cannot 
but suspect that politics have more to do with the appearance of this gallery than some 
people would have us believe. 
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Treatment of Nimonic alloys 


for special applications 


W. BETTERIDGE, D.Sc., F.Inst.P. 


The Nimonic series of alloys, essentially of mickel-chromium base, hardened by a 
precipitation compound, are a standard material for gas turbine rotor blades, where 
good high-temperature properties are essential. In this article, the author shows how 
the properties most suitable for different service conditions (i.e. lower temperature, 
longer life or higher temperature, shorter life) may be obtained by varying the manner 


of production and heat treatment. 


With changing demands it is evident that pro- 


cedures will need to be continually reviewed. Dr. Betteridge, who is with the Mond 
Nickel Co. Ltd., presented his paper to the 8th annual meeting of the Associazione 
Italiana di Metallurgia, Turin, September, 1958 


SINCE THEY WERE FIRST INTRODUCED over 15 years 
ago, nickel-chromium alloys hardened by the 
precipitation of a nickel-titanium-aluminium: com- 
pound have become the standard material for the 
rotor blades of aircraft gas turbines. For this 
application a service temperature in the range 
700—900°C. is involved, and a life varying from a 
few hundred hours for military engines, to a few 
thousand hours for civil engines is expected. 

Alloys of this general type have proved eminently 
satisfactory for these purposes, and the increasing 
demands of engine designers, particularly in the 
direction of higher temperatures, have been met 
by the introduction of alloys in which the high- 
temperature properties have been improved by the 
incorporation of additional alloying elements such 
as cobalt and molybdenum, and by improved 
techniques of production of the alloys. By such 
means it has been possible to raise the permissible 
service temperature of alloys of this class by about 
140°C. under stresses which are of importance in 
aircraft engine design. Still further improvements 
in this direction may be expected, particularly 
by the more precise control of melting techniques 
and deoxidation practice made possible by the use 
of vacuum melting. 

The success of the alloys in aircraft gas turbines 
has naturally led to the exploration of their service- 


ability in longer-lived gas turbines such as are. 


used for industrial purposes. The service condi- 
tions in such engines are, however, significantly 
different, since the turbine blades operate at lower 
temperatures but are required to function satis- 


factorily for a life of at least 20,000 hours, or even 
longer. Some concern has been expressed at the 
relatively low total creep extension at which alloys 
of this class fracture under constant-stress, con- 
stant-temperature creep conditions at temperatures 
in the region of 600—700°C. It has been suggested 
that this low creep extension is necessarily indica- 
tive of embrittlement during the test or of high 
sensitivity to notch effects. The first part of this 
paper deals with an investigation of the variation 
of tensile ductility during such creep tests, and 
with the development of modified heat treatments 
which give improved creep elongation. 

At temperatures lower than those normally used 
in gas turbines, 1.e. below about 600°C., these 
alloys have attractive short-time tensile properties 
which, in combination with their high resistance to 
corrosion, makes them particularly suitable for 
certain special applications. The heat treatments 
used to develop the highest creep-resistance at 
higher temperatures are not necessarily the best for 
service at lower temperatures, and the second half 
of this paper therefore deals with modified treat- 
ments specially devised to improve strength at 
moderate temperatures. 


Tensile ductility of Nimonic 80A during creep 
testing 

Nimonic 80A is a member of the family of alloys 
in which the matrix consists of the binary nickel- 
chromium alloy and the precipitation hardening is 
introduced by the presence of titanium and alu- 
minium. A typical composition of the alloy is given 
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la Structure of Nimonic 80A, initial condition. 750 


in Table I. Results recently reported by Betteridge 
and Towers' have shown the variation in tensile 
ductility of this alloy during long-time creep 
testing at temperatures between 600 and 750°C. 


TaBLeE 1 Typical composition of Nimonic alloys 








¢ Co ; Cr Ti Al Ni 
Nimonic 80A 0:07 | — | 20 | 2-4 1-2 | Balance 
Nimonic 90 0-10 | 17 | 20 | 2-4} 1:2 99 
Nimonic 95 0-12 17 | 20 3-0 | 1-8 


The test procedure adopted was to load a test 
bar at a selected temperature and stress and, after 
a certain period under steady conditions, to increase 
the load progressively until fracture occurred. The 
rate of increasing the load was similar to that 
normally adopted for a tensile test, so that the 
measured elongation of the test bar may be regarded 
as comparable to normal tensile ductility. 


At 650°C. tests were carried out at a stress of 
9 tons/sq. in. which, by extrapolation of the 
standard properties of the alloy, was judged to be 
such as to produce 1°, creep strain in 100,000 
hours. The stress at this level is what might be 
selected as suitable for a long-life industrial gas 
turbine. Tensile tests to determine ductility were 
carried out on material in the initial condition, 
and after periods of creep of 1,000, 2,000, 5,000 and 
10,000 hours. No measurements of creep strain 
were made during the constant-stress portion of the 
test, since this would have been very small; even 
after 10,000 hours the total creep extension would 
have been less than 0-1°,, and thus below the level 
which could have been measured with the creep 
equipment employed. 


In a parallel series of tests the bars were soaked 
at the creep-test temperature for corresponding 
periods of time, but were not subjected to a creep 
stress. The results on these test bars therefore give 
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1b Structure after 5,000 h. under 16 tons/sq. in. at 600°C. 
750 


the effect, on tensile ductility, of thermal ageing, 
while the first series gives, in addition, any effect 
due to creep strain. The results obtained from 
tests at 650°C. are given in Table II. It will be 
seen that the tensile ductility at this temperature is 
initially about 30°,,, but falls gradually with time 
at this temperature, until after 10,000 hours it is 
approximately 10°,,. 

Tasie Il Average tensile properties of Nimonic 80A at 
650°C.- after creep at that temperature (average initial 
hardness: 272 Brinell) 














Time at; Creep Tensile {Elongation,) Final 
650°C., stress, strength, oa hardness, 
hours tons/sq. in. tons/sq. in.) 4, arca Brinell 

20 0 54 30°5 301 
1,020 0 62 18-3 308 
1,008 ] 57 21-3 307 
2,020 0 62 13-2 317 
2,015 c) 59 16-5 310 
5,020 0 62 11-3 322 
4,997 G 61 15-7 314 
9,160 0 62 10-6 325 

10,047 4 63 10-6 316 





Further tests were carried out at temperatures 
between 600 and 750°C.; a 5,000-hour period was 
adopted as standard for all these tests. The tensile 
results obtained for each temperature, in the initial 
condition, after 5,000 hours’ creep testing, and 
after 5,000 hours at the same temperature without 
stress, are summarized in Table III. At each tem- 
perature the stress used was selected to be such as 
to produce approximately 1°,, total creep strain in 
100,000 hours. The results for 600°C. indicate 
that tensile ductility falls from about 35°,, to about 
16°,, during the 5,000 hours, with little significant 
change in tensile strength. The Brinell hardness, 
however, increased from about 270 to 320, owing 
to further precipitation of the hardening phase 
during that heating period. The tests at 700°C. 
indicated a drop of elongation from about 17°, to 
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2a Structure of Nimonic 80A after 5,000 h. at 750°C. under 
zero stress. 750 


about 10°,,, accompanied by a fall in tensile strength 
from about 56 tons/sq. in. to about 48 tons/sq. in. 
Only a slight increase in hardness, about 10—20 
points, was detected. 


At 750°C. it was clear that over-precipitation was 
taking place, since hardness fell by 10—20 points, 
and tensile strength fell from about 46 tons/sq. in. to 
about 38 tons/sq. in., while elongation increased 
from about 12°,, to about 15°,,. All the changes in 
properties observed can be explained by further 
precipitation of the hardening phase, or by coarsen- 
ing of the precipitate so that it was no longer fully 
effective in strengthening the alloy. At no tem- 
perature was any significant difference observed 
between the properties of the test bars which had 
been subjected to creep conditions and those of the 
bars exposed to temperature only in the absence of 
stress. 


Microscopic examination of the structure of the 
samples confirmed that progressive precipitation or 
coarsening of the precipitate took place during the 
heating periods and that no significant difference 
in structure was observed between the stressed and 
unstressed samples. Fig. | shows the structures 
of the alloy in the initial condition and after the 


2b Structure after 


5,000 A. at 750°C. under stress of 
750 


2 tons/sq. in. 
5,000-hour creep test at 600°C.; Fig. 2 compares 
the structures of the stressed and unstressed samples 
after heating for 5,000 hours at 750°C. 


It was concluded from these results that, although 
the total extension at fracture in a constant-stress 
creep test will be relatively low at the temperatures 
considered, this low extension is not indicative of 
severe embrittlement. The observed tensile elonga- 
tion falls after heating at the three lowest tempera- 
tures considered, but the minimum value obtained 
was about 10°,,. The result obtained at 750°C. 
indicates that with over-ageing increase of tensile 
elongation is obtained. 

In addition to the possibility of embrittlement 
which has just been dealt with, it has been sug- 
gested that the low values of total creep extension 
at which fracture occurs can be associated with 
notch sensitivity under creep conditions. It is 
thought that a high value of creep elongation at 
fracture allows equalization of stresses to take place 
in a component which initially was not homo- 
geneously stressed, and that it thereby delays 
fracture. Although this could undoubtedly be an 
advantageous mechanism in the early stages of 
deformation, it would appear that if the major 


TABLE III Average tensile properties of Nimonic 80A after 5,000 hours’ creep (average initial hardness: 274 Brinell) 

















Temperature, | Time at temperature, | Creep stress, _ Tensile strength, Elongation, — Final hardness, 
cc. hours tons sq. in. tons sq. in. » on 4y area Brinell 
600 20 0 60 35-9 282 
4,993 0 62 18-9 318 
4,997 16 56 13-1 317 
700 20 0 56 17-4 267 
4,993 0 46 11-6 284 
5,015 3°5 47-5 9-6 290 
750 20 0 46 12:4 274 
4,993 0 36 -16°8 256 
5,026 2 38 12-6 261 
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portion of the creep extension took place in the 
later stages it could not be regarded as a safe 
prolongation of the total life. Since by far the 
greatest proportion of the total creep extension 
takes place in the tertiary stage and, indeed, mainly 
immediately before fracture, the actual magnitude 
of the extension at fracture does not appear to be 
of great importance. In this connection it must 
be remembered that the later stages of a creep test 
are found to be associated with the formation and 
opening-up of a large number of small intergranular 
cracks and it is certainly unsafe to regard as bene- 
ficial the extension obtained by this mechanism. 

The results of studies of notch sensitivity in 
stress-rupture testing of Nimonic 80A have been 
reported by Furman and Talbot® and by Brown, 
Jones and Newman,* and in both cases it was 
concluded that notch sensitivity could not be 
associated with low creep extension. The more 
complete results of the latter workers showed that 
the alloy was notch strengthened for all rupture 
times between 10 hours and 1,000 hours at 1,200°F. 
(650°C.), at which temperature stress-rupture duc- 
tility was between 1 and 2°,,, but that at 1,300 
and 1,400°F. (705 and 760°C.) regions of notch 
weakening were observed within the time range 
covered by their experiments. At these tempera- 
tures stress-rupture ductility was between 5 and 
10°. 

Confirmation of these observations has recently 
been obtained in tests on Nimonic 80A over the 
temperature range 540—870°C. The tests were 
carried out on hot-rolled bar which had been heat- 
treated by the standard method, i.e. solution- 
treated for 8 hours at 1,080°C., air-cooled, aged 
for 16 hours at 700°C. The plain-bar stress- 
rupture tests were made on specimens having 
a gauge length of 2} in. with a diameter of 0-252 
in., and the notched-bar tests were carried out 
on a similar test bar having a circumferential 
60-degree notch, 0-037 in. deep and a root radius 
of 0-005 in. At each of the temperatures investi- 
rated approximately 10 tests were carried out with 
each type of bar, at stresses selected to give lives 
in the range 20—3,000 hours. For each type of 
bar the stress was plotted against the logarithm of 
life and, by interpolation from the curves produced, 
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(bd) 36 ag/mm, 700 DEG. C 
FRACTURE AT 6°76 323 4 


7b)60 kg/mm*, OO DEG C 
FRACTURE AT 15-1 7,6 BIS H 


(@)60 kg/mm”, 6OO DEG C 


noes semen ta/nn’, 
100 DEG C 
° 100 200 300 400 500 600 
TIME, HOURS 
3 Creep curves of Nimonic 80A 
(a) 8 h. at 1,080°C., air-cooled 16 h. at 700°C. 


6b) 8 h. at 1,080°C., transferred to 850°C., held for 24 h. 
and furnace-cooled 16 A. at 700°C. 


36 kg. mm.’ 
60 kg. mm.’ 


CREEP STRAIN *%/, 














23 tons;sq. in 
38 tons sq. in. 


the stresses to produce rupture in 100 hours and 
in 1,000 hours were derived. These values are 
given in Table IV. It is to be noted that at all 
temperatures notch strengthening is obtained, even 
when the elongation of the plain stress-rupture 
test bar was only about 2°,. The ratio of notched- 
bar strength to plain-bar strength increases as the 
temperature rises above 750°C. 

In spite of the above evidence that low stress- 
rupture ductility is not associated with either 
tensile embrittlement or with notch sensitivity, 
attempts have been made to increase the value of 
creep extension at fracture by special methods of 
heat treatment. Two methods of achieving this 
object were possible: 

1) It is known that modification of the tem- 
perature of solution treatment of the alloy has 
a profound effect on the rate of creep and on the 
shape of the creep curve. The higher the solution- 
treatment temperature the greater the creep resis- 
tance and, in general, the lower the total extension 
at which fracture occurs. Thus, although a reduc- 
tion in the solution-treatment temperature could 
have been expected to produce a marked increase 
in extension at fracture, it would have been expected 
that this would be associated with considerable 
reduction in creep resistance, thus sacrificing the 
characteristic properties of the alloy. 

2) The second possibility was to introduce an 
over-ageing treatment, so that a relatively coarse 


Taste IV Notch-sensitivity of Nimonic 80A in stress-rupture 





Stress to rupture, tons /sq. in. 








100 hours 1,000 hours oN op Average plain-bar 
Temperature, °C. elongation, °, 
Plain Notched Plain Notched 100 h. 1,000 h. 
540 56 -60 47-5 52 1-08 1-09 4:0 
650 36 42 30 33-5 Se tae i 2-2 
750 21 24 14 15 1-15 1-09 2-2 
815 12 . 14 7 Q 1-16 1-27 7:6 
70 7 9 4 5:5 1-27 3-3 3-8 








Eee 








| 
| 


na 3 we AA. 


iu, 


ahhh ak ok 


ant 6 ae 


february, 1959 49 


distribution of the hardening precipitate would be 
formed initially. It is a characteristic of the 
Nimonic alloys, however, that after such an initial 
treatment subsequent heating to a lower temperature 
still produces further hardening and it was hoped 
that the normal creep-resistance of the alloy would 
thus not be seriously reduced. This indeed proved 
to be the case and, as a result of exploratory work, 
the following modified heat treatment has been 
found to give the properties required: 
Solution-treat for 8 hours at 1,080°C., transfer 
directly to a furnace at 850°C., hold at this 
temperature for 24 hours, and furnace cool; 
re-heat to 700°C. for 16 hours, air cooi. 
The results of stress-rupture tests carried out at 
650°C., showing the merit of this treatment, are 
given in Table V. After the normal heat treatment 


TABLE V Creep properties of Nimonic 80A at 650°C. 
after three-stage treatment 

Eight hours at 1,080°C., transferred to 850°C., held 
for 24 hours, furnace-cooled, aged for 16 hours at 700°C. 














Minimum Time to | Elongation 
Stress, creep rate, fracture, at fracture, 
tons/sq. in.| °. per hour hours % 
28 0- 00080 1,727 9- 
0-00103 1,699 8-1 
24°5 0-00014 4,689 6-3 
0-00031 4,995 6-2 
20 0- 00006 15,900 4-1 
_0-00007 16,132 3: 








the values of elongation at fracture under com- 
parable conditions would be in the region of 1°, 
or less. 

Additional tests making a direct comparison of 
the properties of material given the normal heat 
treatment and that subjected to the modified treat- 
ment specified above have been carried out at 
temperatures of 600, 700 and 815°C. on a different 
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batch of material. Results obtained in preliminary 
tests at stresses chosen to give lives in the region 
of 300 hours are summarized in Table VI. It is 
to be noted that the elongation at fracture is 
increased from a little over 1°, to 15% at 600°C. 
and to about 6°, at 700 and 815°C. The times to 
reach specific values of creep strain show, however, 
that creep-resistance is reduced to some extent by 
the three-stage treatment. The effect is more 
clearly illustrated by the creep curves plotted in 
Fig. 3 for the tests at 600 and 700°C. 

It is apparent that in choosing the optimum 
heat treatment for any particular application the 
decision must be based on whether the highest 
possible creep-resistance is the essential feature or 
whether increased stress-rupture ductility is re- 
garded as an important characteristic. A more 
complete exploration of the properties of the alloy 
after the modified heat treatment is currently being 
made at stresses intended to give lives up to about 
20,000 hours. 


Treatments for service at intermediate 
temperatures 

The heat treatments usually applied to the 
Nimonic alloys involve an initial solution treatment 
at a temperature of 1,080°C. This treatment has 
as its primary effects the complete recrysallization 
of the material and solution of the nickel-titanium- 
aluminium compound which is responsible for most 
of the subsequent precipitation hardening. Better- 
idge and Franklin‘ have reported the results of 
a comprehensive study of the effects of heat 
treatment on the creep properties of Nimonic 80A. 
This showed that the creep properties at 750°C. 
were determined mainly by three factors: 

(1) The solution-treatment temperature; the 
higher the solution-treatment temperature, the 
lower the creep rate in subsequent creep tests. 

(2) The character and distribution of a precipitate 


Creep properties of Nimonic 80A. Comparison of effects of three-stage treatment and standard treatment 





Creep test conditions 


38 tons/sq. in. at 600°C. 


23 tons/sq. in. at 700°C. ; 8 tons/sq. in. at 815°C. 


























Heat treatment és os oF (a) (b) (a) (b) (a) (b) 
Time (hours) to reach creep strain 
of (%) | 

0-1 22 2 73 18 18 | 36 
0-2 51 10 214 40 41 | 98 
0:3 75 21 305 56 | 57 | 156 
0-5 133 48 397 83 79 | 216 
1-0 337 105 465 130 -_ os 
2-0 — | 187 — 190 om nite 
3-0 -- 274 a 230 —_ aie 

Minimum creep rate, °, per h. 0-0022 0-011 0 - 00066 0-004 0-0043 | 0-0017 

Life, hours .. es a 418 815 476 323 113 | 401 

Elongation at fracture, ° 1-72 15-1 1-2 6-67 1-6 5-73 





Treatments: (a) 8 hours at 1,080°C., air cooled; 16 hours at 700°C., air cooled. 
(b) 8 hours at 1,080°C., transferred to 850°C., held for 24 hours, air cooled; 16 hours at 700°C., air cooled. 
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of chromium carbide; if present at the grain 
boundaries this delays fracture and enables an 
adequate creep life to be obtained. 

(3) Precipitation of the y' phase; this also 
contributes to creep-resistance. 

The standard heat treatment, involving solution 
treatment at 1,080°C. and subsequent ageing at 
700°C., is a compromise which enables adequate 
creep-resistance to be obtained, combined with 
a satisfactory stress-rupture life. If, however, 
attention is turned from creep-resistance at 750°C. 
to strength at normal temperature, the same 
considerations do not apply; the alloys behave in 
a manner similar to most ductile materials and can 
be appreciably strengthened by the application of 
cold work. They are most ductile, and therefore 
most susceptible to cold-working, when in the 
solution-treated condition; ageing of such cold- 
worked material then adds the effects of precipita- 
tion-hardening to the work-hardening, allowing 
exceptionally high properties thereby to be obtained. 
Precipitation in the cold-worked condition occurs 
more readily than in the solution-treated condition 
because of the accelerating effects of the lattice 
distortion; consequently ageing temperatures 
appreciably below the normal 700°C. can be used. 

The results given in Table VII, relating to cold- 
drawn and aged Nimonic 90 wire, are illustrative 


TaBLe VII Hardness of cold-worked and aged Nimonic 90 
wire 











Cold- Hardness, D.P.N. 
working, 
®., reduc- Cold- Aged for 16 hours at 
tion of area, drawn 350°C. 450°C. 550°C. 
0 | 214 240 229 292 
18 319 365 353 378 
39 383 434 445 456 
49 399 459 480 500 
59 409 509 518 541 
68 423 493 560 567 
80 450 565 601 556 
90 475 567 650 595 





of this effect; a typical composition of this alloy 
is given in Table I. Wire can be readily cold- 
worked to high degrees of reduction without 
extreme difficulty, particularly in experimental 
quantities, but such results are not to be regarded 
as normally obtainable in material of heavier 
section. By this method hardnesses up to 600 
D.P.N. are obtainable; typical tensile properties 
on Nimonic 90 wire treated in this manner are 
given in Table VIII. A proof stress of about 
110 tons/sq. in., associated with an ultimate strength 
of 120 tons/sq. in. or more in a fully corrosion- 
resistant material indicates particularly attractive 
properties for certain special applications. 

The properties quoted refer to normal tem- 
peratures and, although these characteristics are 
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not destroyed by heating to moderate temperatures, 
as indicated by the ageing temperatures employed, 
creep-resistance in this condition is not high, even 


Taste VIII Tensile properties of cold-worked and aged 
Nimonic 90 wire 





Wire | Reduction by 0-1°, Tensile | Elon- 
diam., | cold drawing, | proof stress,) strength, | gation, 
mm. tons sq. in. |tons/sq.in. 





Aged at 350 C. 
9 








2 49 16-5. | 3-0 

2-2 68 117-5 121-5 1-0 
Aged at 450°C. 

3-6 18 71 82-6 15-0 

2-8 4 115 119 2:5 

2:2 68 123 137 3-0 
Aged at 550°C. 

2:8 49 os 118 2-5 

2-2 68 110-5 128 1-5 





at moderate temperatures. This follows from the 
fact that the influence of the solution treatment in 
annealing the alloy, and thus reducing the creep 
rate, is destroyed by the subsequent cold-working. 
Some observations on creep properties at inter- 
mediate temperatures will be given later. 

The same procedure of combining strength 
produced by cold-working with that resulting from 
precipitation hardening is applicable to the produc- 
ton of material with high strength at temperatures 
up to about 600°C. This effect can be illustrated 
by the results of tests carried out in order to deter- 
mine a suitable method for the development of 
high tensile proof strength in Nimonic 90 at 500°C. 

Ihe test material consisted of hot-rolled bar 
§ in. in diameter ; portions of this bar were 
solution-treated at 1,120°C. and water-quenched, 
to yield a hardness of 190 D.P.N. One bar was 
then cold-drawn to give a reduction of area of 10°,, 


TaBie IX Tensile properties at 500°C. of cold-drawn and 
aged Nimonic 90 





0-1% | 
Con- Ageing proof Tensile Elon- 
dition treatment stress, | strength, | gation, 


tons sq.in.| tons sq.in. 














Hot- 24h 400°C. 54 77 22:5 
rolled 500°C. 54 76 25-9 
600°C. 60 80 19-4 
650°C. 62 83 21-2 
700°C. 62 — — 
10 24h. 500°C, 26 7 54 
cold- 600°C, 5 51 34-6 
drawn 650°C. 48 65 26-6 
700°C. 55 70 20-3 
30 24h 500°C. 53 62 24-6 
cold- 600°C. 60 71 15-9 
drawn 650°C. 67 76 8-1 
700°C. 65 —_ — 
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TABLE X Tensile tests on worked and aged Nimonic 90 
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Conditi Ageing Test temperature, | 0-1°,, Proof stress, | Tensile strength, Elongation, 
ERROR treatment “td tons/sq. in. tons/sq. in. on 4, area 
Hot-rolled 24 h. 700°C. 20 90 103 18-0 
500 74 91 16-9 
10°,, Cold-drawn | 24h. 700°C. 20 64 S4 28:1 
500 56 71 28-1 
30°., Cold-drawn | 24h. 700°C. 20 70 90 29-3 
500 62 83 25:9 





and a second bar was similarly cold-drawn to 30°, 
reduction of area. Samples of the hot-rolled bar 
and of each of the cold-drawn bars were then aged 
at temperatures between 400 and 700°C. 

Tensile tests on miniature test bars at 500°C. 
were carried out on each of the samples; the results 
are summarized in Table IX. It is apparent that 
the highest strength is obtained on the hot-rolled 
material by ageing for 24 hours at 650°C. or 700°C., 
but the material given 30°,, cold-working is very 
close to it in tensile strength, and has indeed 
a higher proof stress after ageing at a similar tem- 
perature. In view of the fact that cold-working 
is a more readily controlled production technique 
than hot-rolling (since in the latter process the 
temperature at which deformation is completed 
cannot be precisely fixed), it is considered that the 
former may prove the more acceptable process. 

The results of confirmatory tensile tests, at both 
500°C. and at normal temperature, made on full- 
size test bars of both the hot-rolled and cold-drawn 
material after ageing at 700°C., are given in Table X. 
These results confirm the earlier indications and 
show that a high proof stress and tensile strength, 
combined with very adequate elongation, can be 
obtained by a selected combination of cold-working 
and precipitation hardening. It is probable that 
material treated by these methods may find useful 
applications at intermediate temperatures, par- 
ticularly for such components as highly-stressed 
bolts. 








Comprehensive determinations of the creep pro- 
perties of Nimonic alloys in the cok worked and 
aged condition have not yet been carried out. 
There is little doubt, however, that controlled 
treatments of this type will prove advantageous 
for material for which service temperatures will be 
in the region of 500 and 600°C. As a pointer in 
this direction, some results obtained on Nimonic 95 
in different conditions of heat treatment will serve 
as a guide. 

A typical composition of this alloy is given in 
Table I. The test results in Table XI relate to 
hot-rolled bar heat-treated by two different methods. 
The first is the standard procedure, consisting of 
solution treatment at 1,150°C. for 4 hours, followed 
by air-cooling, re-heating to 1,080°C. for 6 hours, 
air-cooling and ageing for 16 hours at 700°C. The 
second treatment consisted of solution-treating at 
only 1,000°C. for 1 hour, followed by air-cooling 
and ageing at 700°C. for 16 hours. Thus, the 
second treatment had omitted the initial solution 
treatment at 1,150°C. and therefore yielded material 
with some of the characteristics resulting from 
residual cold-work. 

The comparative creep results given in Table XI 
indicate that at the higher test temperatures the 
material which has undergone the standard heat 
treatment gives both the greatest creep resistance, 
1.e. the lowest creep rate, and the longest life to 
rupture. At temperatures of 600°C. and 650°C., 
however, the material for which the solution 


TaBLe XI Creep properties of Nimonic 95 after various treatments 








Heat treatment 





4h. at 1,150°C., air-cooled, 











Test 1 h. at 1,000°C., air-cooled, 16 h. at 6 h. at 
temp., Stress, 700°C. 1,080°C., air-cooled, 16 h. at 700°C. 
C. | tons/sq. in. 
Life, Minimum creep | Elongation at Life, Minimum creep | Elongation at 
‘ rate, h. fracture, °, h. rate, °, /h. | fracture, 
600 45 837 0-0013 2:7 128 0-0910 1-9 
650 32 317 0-0022 2:7 110* 0-0007* 1-2* 
700 25 209 0-0056 5°5 620 0-0001 1-1 
750 19 42 0-0318 3:3 302 0-0001 1-1 
815 9-5 62 0-0242 6-1 543 0- 0006 1:6 
870 5:5 97 0-0300 19-5 670 0.0003 2-7 
955 1-5 390 0-0036 os 1.639 0-0005 — 





* Interpolated values 
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treatment was omitted has given the longest 
stress-rupture life, although its creep-resistance was 
still lower than that of the fully heat-treated material. 
At such temperatures, therefore, selection of a 
treatment involving some residual cold-work allied 
to precipitation hardening may give a desirable 
combination of creep-resistance and long stress- 
rupture life. It is apparent that a good deal of 
exploratory testing is required in order to establish 
the most satisfactory compromise for any particular 
temperature of operation. 


Conclusions 

The results presented in this paper have been 
chosen to illustrate the fact that the high-tempera- 
ture properties of the Nimonic alloys are sig- 
nificantly dependent upon the manner of production 
and heat treatment of the material. The heat 
treatments most commonly used were selected to 
provide the properties required at the time they 
were developed, but with changing demands for 
various applications it is clear that the procedures 
must be reviewed in the light of the characteristics 
required for other purposes. 

For long-time applications it is probable that 
increased elongation before creep fracture will be 
regarded as desirable, and this can be obtained by 
the inclusion of an over-ageing treatment in the 
region of 850—900°C., depending on the particular 
alloy. For service at temperatures in the region of 
500°C., however, appreciably improved strength 
can be obtained by an appropriate combination of 
lattice distortion and precipitation hardening. The 
lattice distortion can be introduced either by hot- 
working, if it is found possible to control that 
procedure with sufficient precision, or by cold- 
working of the previously solution-treated material. 
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the innovation. For example, engineering journals 
referred to Dr. Fairbairn’s tests of titanium steel as 
discussed at the British Association meeting in 1867, 
the steel of the Titanic Steel & Iron Co. being 
described as of ‘ high cohesive strength,’ with 
specimens tested ‘by transverse strains’ giving 
high values in Fairbairn’s tables for modulus of 
‘elastic working strength.” Mushet in January, 


1859, also patented tungsten steel, while his 
chromium steel came later, all such new departures 
constituting the birth of the alloy steel era. 
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Tungsten and titanium 
in steel 
Centenary of Robert Mushet’s invention 


ALTHOUGH Robert Mushet became noted more for 
his work on spiegeleisen, or manganese, as an 
alloying element for iron, with three patents in 
1856 for ‘improving’ iron with such additions 
after decarburizing, this metallurgist should also be 
commemorated just now for discovering 100 years 
ago the use of titanium and tungsten in this 
direction. 

It was in January, 1859, that Mushet took out 
his patent for ferrotitanium, the same year that he 
lost his claim for manganese, since he had forgotten 
to pay the stamp duty due. His tungsten in cast 
steel was soon to attract attention in Austria with 
‘Wolfram steel’ eagerly sought for boring tools, 
since it lasted four times as long as ordinary ‘ Eng- 
lish cast steel.’ In contrast, the addition of titanium 
to iron became the subject of: critical discussion, 
especially in England. 

Mushet had great faith in the value of titanium 
in steel, in ‘ Titanic cast steel,’ as he called it when 
made at his Titanic Steel & Iron Co. Titanium 
was seen as a ‘ purifier’ long before experiments 
in the United States on the production of rails 
from titanium steel began. Mushet himself was 
interested in rails used on British railways, for he 
wrote to the Midland Railway company asking 
about the first steel rail which had been laid at 
Derby after Bessemer’s work. While the company 
did not agree to sell him the original rail as 
requested, it did give him the chance of a first 
refusal if ever the rail was taken up. 


Opposition by metallurgists 


It is interesting to follow the reactions of metal- 
lurgists and engineers to Mushet’s championing 
of titanium. Most unfavourable was Percy in his 
metallurgy texts, beginning with a sardonic com- 
ment on the number of patents claimed by Mushet: 
‘ If the faith of a patentee in the value of an inven- 
tion is to be measured by the number of patents 
which he takes out in order to secure it wholly to 
himself, then has Mr. Mushet displayed an in- 
ordinate amount of this Christian virtue.’ 

Percy goes on to attack the press of his day for 
giving space to Mushet’s titanium: ‘ The titanic 
steel thus appropriated with such titanic force of 
law should indeed be worth something to Mr. 
Mushet, and the world. Newspapers and journals 
have been laid under contribution, and articles of 
titanic steel profusely displayed in shops.’ 

Yet other authorities were more favourable to 
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The cathode-ray oscilloscope 


Its application in metallurgy 


B. R. EVANS, B.Sc., M.Sc., A.M.LE.E. 


The oscilloscope is used in nearly all branches of technology today, and is being 
increasingly introduced into metallurgy in such applicatioys as non-destructive 


testing and materials sorting. 


Of necessity, such equipment is developed by the 


electrical engineer, but the metallurgist who understood the basic principles of the 
oscilloscope might well see possibilities for its further application in new problems. 
Mr. Evans, who is head of the Electrical Engineering Department of the Wolver- 
hampton & Staffordshire College of Technology, gave the following lecture at the 


course on ‘Laboratory arts in metallurgy’ held at the College last year. 


This is 


the third lecture from ihis series to be published in this journal 


THE OSCILLOSCOPE has been accepted by all branches 
of science and technology as an indispensable tool. 
Its application in testing is so usual as to be com- 
monplace yet to many of its users the theory lying 
behind its operation and use remains a mystery. 
Because of this, the metallurgist with little electrical 
background is very much at the mercy of the 
electrical engineer who devises the tests incor- 
porating the oscilloscope. The metallurgist may 
have new problems to which he could apply the use 
of such an instrument if he fully understood its 
capabilities, and it is to introduce the workings of 
the cathode-ray tube, the circuitry incorporated in 
the oscilloscope, and its applications that this article 
has been prepared. 


The cathode-ray tube 

The cathode-ray tube is essentially an electrical 
indicating instrument which can be used for 
measuring or detecting voltage or current. A 
voltage applied to the terminals of a voltmeter 
causes a needle to be deflected over a scale. A 
voltage applied to the operating terminals of a 
cathode-ray oscilloscope causes a beam of electrons 
to be deflected and this deflection is detected by 
the movement of a light spot across a screen. 

The essential parts of the tube are: (a) a source 
of electrons, (6) a method of producing a beam of 
electrons focused on to a screen (called the gun 
system), and (c) a device for deflecting this beam. 

An additional feature is a method of varying the 
brightness of the spot so produced. 

There are two types of cathode-ray tube which 


have certain differences in construction: the high- 
vacuum or ‘ hard’ tube which in manufacture is 
evacuated to a negligible air pressure; and the gas- 
filled or ‘ soft’ tube which has a small volume of 
inert gas introduced into the glass envelope after it 
has been evacuated. 


Fig. 1 shows the electrode system of a typical 


high-vacuum type of cathode-ray tube. The source 
of electrons is the cathode C. This is specially 
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1 High-vacuum electrostatic cathode-ray tube 


designed so that a very small area, about | mm. 
dia. and coated with a suitable emissive material, 
emits free electrons when heated by a heater HH. 
An anode A2 is maintained at a potential highly 
positive with respect to the cathode and attracts 
the negatively charged electrons. These electrons 
are greatly accelerated and are travelling with a 
high velocity by the time they reach the plane of A2. 
This electrode is in the form of a disc with a small 
hole pierced at the centre and those electrons 
travelling in the line of this aperture pass through 
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forming a thin stream of electrons which continues 
to the screen S. 

The screen is coated with a fluorescent material 
which glows when it is struck by the electron 
stream. The brightness of the spot of light so 
formed depends on the number of electrons in the 
stream striking the screen per second and this is 
controlled by the application of a variable negative 
potential to an electrode G. Without some focusing 
device, such a stream of electrons would produce 
a very diffused spot of light useless for measure- 
ment purposes. The introduction of a specially 
shaped electrode Al has the effect of producing a 
complicated electrostatic field which acts on the 
electrons in the stream. The effect may be simply 
understood by reference to fig. 2. An electrostatic- 
lens system is set up which has an analogous effect 
on a beam of electrons as an optical system has on 
a beam of light and the focal length of the system 


A2 $s 


ie Ree 
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2 Typical lens system of a cathode-ray tube showing 
approximate configuration of electric field and formation 
and focusing of electron beam 


can be varied by varying the positive potential of 
Al (usually in the order of one-quarter to one- 
sixth of the potential on A2). 

The soft tube has a much simpler electrode 
system since the focusing of the electron beam 
relies on the presence of the inert gas. (It is some- 
times called the gas-focus tube.) The cost of the 
tube is much less than that of the hard tube and 
it is more sensitive since it can be used at lower 
voltage, but its life is shorter and its use is limited 
to comparatively low frequencies. For the latter 
reasons most commercial oscilloscopes incorporate 
the high-vacuum type. 


Deflection systems 

There are two methods which can be adopted 
for deflecting the beam. The electrostatic method 
is more generally used, although the electromag- 
netic method also has its place in oscillograph work. 

In the electrostatic method, the beam of electrons 
is caused to pass between two parallel plates across 
which the voltage to be detected is applied. The 
beam being negatively charged is deflected towards 
the more positive plate. Fig. 3 indicates how the 
application of d.c. potentials across the plates 
causes the spot on the screen to be deflected in one 
or other direction. The application of an a.c. 
voltage across the plates causes the spot to move 
backwards and forwards across the tube at the 
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frequency of the alternating voltage. In this case 
persistence of vision causes the movement of the 
spot (above about 5 c.'s.) to appear as a continuous 
line. 

For a given voltage applied to A2 the deflection 
of the spot is directly proportional to the deflecting 


3 Electrostatic deflection of electron beam 


voltage. The deflection sensitivity is usually ex- 
pressed as the deflection in millimetres per volt 
applied across the deflecting plates. In the electro- 
statically-deflected tube the sensitivity is inversely 
proportional to the A2 potential. Two pairs of 
deflection plates are always included in the glass 
envelope, one pair producing deflection in the 
horizontal or X direction and the other pair pro- 
ducing deflection in the vertical or Y direction. 
The electromagnetic method of deflection oper- 
ates on current. Deflecting coils placed diametric- 
ally opposite and connected in series produce a 
magnetic field when a current passes through the 
coils. The beam is deflected in a direction per- 
pendicular to the magnetic field produced by the 


coils. 


Fig. 4 shows diagrammatically how two sets of 
coils would be arranged to produce X and Y 
deflection. An advantage of this method is that the 
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4 Magnetic deflection of electron beam 
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deflecting coils are set up outside the glass envelope 
of the tube and can be used in addition to or 
instead of electrostatic deflection, if so desired. 

It is occasionally required to move the spot from 
its normal position at the centre to some other 
point on the screen to enable certain measurements 
to be made more easily. To enable this to be carried 
out, the circuit supplying the necessary voltages to 
the electrodes of the tube is designed so that d.c. 
voltages of the required polarity, called shift volt- 
ages, may be applied to the deflecting plates. 
These voltages are variable and independent of any 
outside voltage to be measured and enable the spot 
to be moved to any point on the screen. 

Fig. 5 indicates how a high d.c. voltage in the 
order of 2,000 v. derived from a 240-v. a.c. mains 
supply may be arranged to supply d.c. voltages for 














5 Electrode supplies 


brilliance, focus, and shift controls. Since the de- 
flecting plate terminals are handled by the operator 
of the instrument they must be at or near earth 
potential, and for this reason it is usual to earth 
the anode A2 and leave the cathode C floating at 
a high negative potential. 

Up to this point we have discussed how a 
sharply focused spot of light of controllable bril- 
liance and position may be produced on the screen 
of a cathode-ray tube. We must now consider 
the additional features associated with the tube and 
incorporated in the oscilloscope. It is not intended 
to deal with the electrical circuits of these features 
but merely to indicate their functions. 


The time base 

Any voltage applied to the X deflection plates 
which causes the spot to move across the screen at 
a known velocity either continuously or in single 
strokes is known as a time-base voltage. The 
normal time base causes the spot to move such that 
the horizontal deflection is directly proportional to 
time, and is called a linear time base. The voltage 
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waveform necessary for this is as shown in fig. 6. 
The interval 1, is the time for one cycle and is the 
period of time represented by the overall deflection 
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6 Time base voltage for linear time base 


in the X direction. The time-base circuit generates 
such a voltage of variable amplitude and repetition 
frequency. The time base on a general purpose 
oscilloscope will give horizontal deflection repre- 
senting periods from about 10 ' sec. to 10~° sec. 


Deflection amplifiers 

The sensitivity of the deflecting plates may be 
only in the order of | mm. v., thereby necessitating 
a deflecting voltage of at least 10 v. to produce a 
measurable deflection. Since many voltages to be 
measured may be very much smaller than | v., an 
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7 Schematic block diagram of oscilloscope 


amplifier of controllable gain is included to step up 
the voltages applied to the deflecting plates. 

Fig. 7 is a simplified block diagram of the func- 
tional parts of a complete oscilloscope. 


Applications and uses 

Current and voltage measurement The oscillo- 
scope may be used to measure a.c. or d.c. voltage 
or current by using the unknown quantity to cause 
deflection of the spot and comparing the deflection 
so produced with the deflection for a known value 
of current or voltage. Its advantages in this appli- 
cation over more conventional indicating instru- 
ments are that the oscilloscope places a negligible 
load on the circuit under test and can be used for 
measuring alternating quantities of high frequencies. 

Another important feature which makes it more 
valuable is that the variation of current or voltage 
with time may be inspected. The quantity to be 
measured causes deflection in the Y direction 
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coincident with time deflection in the X direction 
and the waveform is swept out. (Synchronization 
between the two deflections is usually required to 
produce a steady trace, but this is carried out by 
causing the Y deflection voltage to initiate the start 
of the time-base deflection and wil! not be further 
discussed.) 


Fig. 8(a) shows how a current may be measured 
and its waveform displayed on the screen of the 
oscilloscope. Current is passed through a small 
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8 Distortion in current waveforms 


resistance R and the voltage across R is amplified 
and applied across the Y plates. Currents which 
vary with time, as shown in 8(b), have the same 
effective value and would both produce the same 
deflection J on a normal current meter, but the 
oscilloscope would differentiate between them and 
the shape of the traces would provide very valuable 
additional information. 

Characteristic tracing When it is required to 
demonstrate how one quantity in an electrical cir- 
cuit varies when a second quantity is varied over a 
range of values, the oscilloscope is ideal for pre- 
senting the complete characteristic over the par- 
ticular range chosen. 

A good example «f the type of characteristic 
which can be portrayed is the B H loop of a ferrous 
material. This example is also important in that it 
demonstrates very clearly the principles which 
apply when it is required to use the oscilloscope in 
metallurgical testing. It shows a way of inter- 
preting metallurgical properties in the language of 
electrical engineering. 

In fig. 9 the specimen is shown as being the 
toroidal core of two separate coils. An alternating 
current J is passed through one of the coils, known 
as the magnetizing winding, and is caused to 
produce a deflection in a horizontal direction. The 
flow of this current through the coil imposes a 
magnetizing force (H) on the specimen and a 
magnetic flux is induced in the specimen, of a value 
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depending on the properties of the material and on 
the magnetizing force imposed. This flux will 
therefore be an alternating flux varying in step 
with the alternating current J. The flux induces 
a voltage in the second coil proportional to the rate 
of change of the flux and it can be shown quite 
simply that by applying the voltage to what is 
termed an ‘ integrating circuit,’ the output voltage 
is directly proportional to the flux in the specimen. 
This voltage applied through an amplifier to the 
Y plates of the oscilloscope produces a deflection 
proportional to the magnetic flux or flux density 
(B) in the specimen, whilst the deflection in the X 
direction will be proportional to the magnetizing 
force (H) imposed on the specimen. A B/H loop 
will therefore be traced on the screen of the tube. 

Electrical tests for metallurgical features Any 
feature or property in metallurgy which can be 
translated into electrical quantities may be detected 
by electrical means and the cathode-ray oscillo- 
scope. In general, the method adopted is to 
impose a magnetic or electrical condition on to the 
specimen to be examined and by means of an 
investigation probe or some comparison device, the 
reaction of the specimen to the imposed condition 
is portrayed on the oscilloscope. Features which 
may be checked or tested include: alloy compo- 
sition, dimensions, condition of material (process 
undergone during manufacture) and the presence 
of flaws, cracks or porosity. In nearly all cases it 
is usual to hold one specimen as a known satis- 
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9 Circuit for demonstrating B'H curve of iron specimen 


factory sample and to compare the reaction of the 
specimen under test with that of the standard 
sample. 

The basic circuit for this comparison is shown in 
fig. 10. It is a bridge circuit in which the specimens 
under test affect the values of Z3 and 74. Z1 and Z2 
are usually simple resistances for initial balance of 
the bridge. Z3 and Z4 usually consist of identical 
coils into which the specimens are inserted. The 
application of an a.c. voltage as shown causes each 
specimen to undergo a change of magnetic or elec- 
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trical conditions. These conditions are affected by 
the metallurgical properties of the specimens and 
if the specimen under test exhibits properties 
different from the standard specimen, then Z3 and 
Z4 will assume different values and an out-of- 
balance voltage will be produced causing a Y 


10 Basic bridge 
circuit for specimen 


comparison 
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deflection on the cathode-ray oscilloscope. Apart 
from merely indicating an unbalance, the shape of 
the waveform produced on the screen may give 
information as to the reason for the out of balance. 

The effect of metals on the behaviour of electrical 
circuits The specific electrical tests depend on the 
reaction which a specimen may produce when 
placed in close proximity to a coil carrying, usually 
but not necessarily always, an alternating current of 
electricity. Ferrous materials having magnetic 
properties increase the magnetic flux produced by 
the coil. This increase of magnetic flux increases 
the impedance of the coil to the flow of current 
and the non-linear relationship between induced 
flux and magnetizing force causes the introduction 
of distortion into the current waveform. 

Non-ferrous materials, on the other hand, do not 
affect the flux distribution in the same way. Their 
presence results in currents known as ‘eddy cur- 
rents,’ which actually flow in the specimen. These 
eddy currents may flow in complicated paths and 
they reflect their presence into the main coil 
current. There is a negligible change in flux, 
little if any distortion, but a change of impedance 
is produced. 

Fig. 11 shows very simply the effect on current 
waveform and flux density when a ferrous material 
is inserted into a coil. It is assumed for comparison 
purposes that the effective value of the current 
flowing is maintained constant. 
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11 Ferrous material in coil carrying a.c. 
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Fig. 12 demonstrates the flow of eddy currents 
in a metal rod and the effect of the presence of a 
flaw. Eddy current tests are usually carried out at 
a higher frequency than magnetic tests, since the 
magnitude of the eddy currents increases with 
frequency. A further advantage of the use of 
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12 Eddy currents induced in a specimen 


higher frequencies is that the currents are con- 
centrated nearer and nearer to the surface of the 
specimen as the frequency rises. It is therefore 
comparatively easy to detect small flaws near the 
surface of the specimen, using high-frequency eddy 
current methods. 

The magnetic sorting bridge A number of com- 
mercial forms of sorting bridge are available, of 
which the basic circuit is shown in fig. 13. Two 
identical coils, A and B, form two arms of the 
bridge, of which the other arms are the resist- 
ance R. The bridge may be initially balanced with 
identical satisfactory specimens in A and B, using 
the slider on R, and under such circumstances a 
near horizontal straight line would appear on the 
screen of the cathode-ray tube. The replacement 
of one of the specimens by a faulty specimen would 
cause an unbalance, and if a linear time base were 
being used this unbalance would appear as a much 
distorted sine wave. With experience it is possible 
to correlate the shape of the waveform with the 
various irregularities of manufacture under in- 
spection. 

The shape and size of the coils used to accom- 
modate the specimens depend on the form of 
specimens tested and are obviously simple if the 
specimen is in the form of a bar or wire. If the 
specimen is a flat plate, a pancake-shaped coil may 
be used. (Figs. 14-15.) 
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Crack detection by eddy-current methods A 
similar type of circuit to fig. 13 is used for eddy- 
current testing, but it is usual for the time base to 
be derived from the source exciting the bridge. 
This makes the circuit more simple, a linear time 
base is not required since distortion in the output 
will not be produced. The unbalance trace appears 
on the screen in the form of an ellipse or inclined 
line, and the lengths of major and minor axes give 
clues to the irregularities present. (Fig. 16.) 

Ultrasonic methods of flaw detection and thickness 
measurement Ultrasonic vibrations are vibrations 
which have frequencies above those which can be 
detected by the human ear. They are similar in 
form to sound vibrations, but have frequencies 
above 20,000 c.'s. In the same way that an echo 
may be heard when sound is directed through air 
towards a wall, an ultrasonic echo is produced if 
ultrasonic vibrations strike an obstacle when 
travelling in an otherwise homogeneous material. 

These vibrations travel with specific velocities 
through different materials, their frequency depends 
on their method of generation and the relationship 
between velocity (v) and frequency (f) is known as 
the wavelength (2) of the vibration (, = vf). 
Such vibrations directed through a material would 
be reflected at the edges and faces of the specimens, 
but would also be reflected at any crack or flaw if 
it were large enough to effect the passage of the 
wave. The size of the flaw necessary to cause 
reflection is in the order of the wavelength of the 
vibration, and it is thus possible to calculate the 
frequency of ultrasonic vibration necessary to 
detect a flaw of given size, e.g.: 

Size of flaw to be detected, say, 0-05 in. 

Let this equal the wavelength of the vibrations 





used. 
Velocity of vibrations in steel 19,000 ft. sec. 
19,000 « 12 
frequency 
0-05 
4-56 10® c./s. 


It is likely that the frequency used would be greater 
than 5 Mc. s. 


The generation of these waves is carried out by 
the application of a high-frequency a.c. voltage to 
a quartz crystal. This voltage causes the quartz 
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18 Generation of ultrasonic wave 


58 





february, 1959 


crystal to expand and contract, sending out com- 
pression waves (fig. 18). The crystal is enclosed 
in a specially-designed head which can be placed 
on the specimen to be tested. 

In some designs the head is arranged both to 
transmit and to receive the echoes and such is the 
design simply shown in fig. 19. A crystal transmits 
an impulse of the appropriate frequency and directs 
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19 Flaw detection by ultrasonic method 


it through the specimen. At the same instant a 
voltage impulse is applied to the Y plates of the 
cathode-ray oscilloscope, producing a short-period 
deflection. The vibrations travel through the speci- 
men and return to the crystal head after reflections 
from the back surface of the specimen or from any 
flaw or obstacle. Each returning impulse produces 
a further short-period deflection on the screen of 
the cathode-ray tube. The time base of the oscillo- 
scope is adjusted so that the distance between the 
two major deflections is exactly equal to the thick- 
ness of the specimen and measurements made on 
the tube give very closely the position of the flaw 
detected. 

There are certain practical difficulties which have 
to be overcome, but by special design of heads it 
is possible to inspect most forms of plates and pipes. 

In this article only general principles have been 
discussed, as it was not intended that this should 
be a treatise on non-destructive testing. Those 
already familiar with the processes and principles 
of the subject will have found nothing new, but it 
is hoped, however, that through this article the 
metallurgist will be able to understand more clearly 
the significance of the results obtained in tests 
devised by the electrical engineer, to realize the 
limitations of the tests and perhaps to suggest other 
applications of the principles discussed. 


Bibliography 
Cathode-ray Oscilloscopes, by J. H. Reyner 
Radio Handbook Supplement of the R.S.G.B 
The Non-destructive Testing of Metals, by R. F. Hanstock 
Solus Schall News on Non-destructive Testing, Aug.-Dec., 1957 


Birlec S.E. area offices 

The south-eastern area office of Birlec Ltd. has been 
transferred to Crown House, Aldwych, London, W.C.2 
Temple Bar 8040). - The south-eastern area office of 
Birlec-Efco (Melting) Ltd. has also been 
the same address. 
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14 The ‘Magnatest Q’ 
Solus-Schall Ltd.) de- 
signed for the testing and 
sorting of ferrous magnet- 
ic materials Typical test 
cotls are shown and moun- 
ted above the instrument 


is an automatic counter 





15 Layout for testing speci- 


mens on the conveyor belt 





system including automatic 


sorting into bins 





16 RIGHT The ‘Conductifiu 
Solus-Schall Ltd.) 

for detecting longitudinal crack 
in bars of non-ferrous metals 
The trace, in the form 

of an ellipse, varies with the 


non-uniformity present in the 





specimen 
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17 LeFtT ‘Standard’ ultrasonic 
flaw detector 
—_— (Solus-Schall Ltd., designed by 
pected Dr. Krautkrimer, Cologne). 
The transmit-receive probe 
is shown, together with the trace 
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Hardness testing 


60 


It is desirable to achieve a means of international 
comparison of hardness values obtained by the various 
test methods at present in use. This short article, 
from Export-Anzeiger E 5/58, summarizes the most 
important test methods, and goes on to discuss pro- 
gress already made towards obtaining comparability 
between methods 


HARDNESS is an important characteristic in deter- 
mining the usefulness and applicability of engineer- 
ing products, and much attention has been paid to 
the development of methods suitable for the exact 
determination of the hardnes: of materials. Because 
of the diversity of testing conditions and the demands 
placed upon the testing procedure, a series of test 
methods have been developed in the course of time 
by which regular hardness tests of great precision 
can be carried out. 

The oldest of the hardness test methods at present 
in use is that originated by Brinell. In principle, this 
system determines the hardness of a metal by 
bringing to bear on it a steel ball of known diameter 
and a known load. The diameter of the resultant 
ball impression is measured. The Brinell Hardness 
Number is then obtained by dividing the value of 
the applied load by the measured surface of the ball 
impression, the ball being taken as exactly spherical. 

Brinell originally assumed that the ball impression 
was in all cases directly proportional to the applied 
load. Upon closer investigation, however, it was 
found that this was not so, due to the slight deforma- 
tion of the ball under load and the elasticity of the 
material being tested. 

For this reason, with the Brinell method the size 
and characteristics of the test ball, and the load 
acting upon it, must be standardized. In practice, 
a standard steel ball of 10 mm dia and a load of 
3,000 kg is used for hard metals, while for soft metals 
the load is 500 kg. When iron and steel are to be 
tested, the test load should be applied for at least 
10 sec, with other metals at least 30 sec. For 
magnesium and magnesium alloys a test-load 
duration of 2 min is recommended. 


Rockwell method 

One of the methods most widely used for hard- 
ness testing is the Rockwell method. In this, the 
depth is measured by which a body, under certain 
established test conditions, penetrates into the test 
specimen. The Rockwell hardness value, relative 
to the minor load, is determined from the resulting 
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depth of penetration, and is the higher the harder 
the material. For soft materials, a hardened steel 
ball of . in. dia serves as penetrator. The hard- 
ness value obtained with the spherical penetrator is 
designated as HRB (B = ball). In testing, a minor 
load of 10 kg is first applied, by which the body 
penetrates the test-piece by a certain amount. The 
indicator on the dial of the machine is then reset to 
zero, and the major load of 60 or 100 kg applied. 
The test load is again reduced to the initial value, 
and the penetration depth read off. In this way, 
change in the test impression due to elasticity of the 
material and a false measured result (as possible in 
the Brinell method) is avoided. 

For hard metals, instead of a steel ball penetrator, 
a spheroconical diamond is used having a tip angle 
of 120°. With the diamond penetrator the test load 
is usually higher, amounting to 150 kg. Otherwise 
the procedure is the same as that described for the 
spherical penetrator. The hardness number ob- 
tained with the diamond penetrator is designated 
HRC (C = cone). 


Vickers method 

Another very frequently used method of material 
hardness testing is that developed by Vickers. It is 
similar in principle to the Brinell method. A regular 
four-sided diamond pyramid is here used as penetra- 
tor, having a tip-angle of 136°. The numerical value 
of the hardness number (HV) is equal to the applied 
load, in kg, divided by the surface of the pyramid 
impression. If an exact test is to be obtained, a very 
smooth surface on a firm foundation is necessary. 
The load, which is usually applied for 30 sec, may 
amount to 5, 10, 20, 30, 50 or 100 kg. With exact 
load regulation, the Vickers test, which is considered 
very accurate, may be used for thin sheet as well as 
for larger workpieces. 


Other methods 

In addition to those just described, a number of 
other methods have been developed, in many cases 
for special purposes. Among them, the impact test is 
well known, having a scale calibrated after Brinell, 
and in which the test-piece is struck by a number of 
equal blows. The diameter of the depression created 
is inversely proportional to the hardness, so that 
the hardness of the test-piece in HB can be 
calculated. 

Another widely-known method is the Shore re- 
bound test, by which the elasticity of the material to 
be tested is taken as the criterion of its hardness. A 
hamn:er with diamond tip falls from a known height 
and rebounds upon striking the test-piece. Since the 
rebound increases with metal hardness, a means of 
determining the hardness is obtained. The height 
of the rebound is measured and from a series of 
measurements a good picture of the hardness of the 


— 


a ah Os eee eee ome ses ost Oh OO ato SS 


a Dane oo a. 





february, 1959 él 


test-piece is obtained. The test result is influenced 
by the form and mass of the piece, as well as by the 
composition and character of the material. 


International comparability of methods 

A means of international comparison of the hard- 
ness values obtained by the various methods has 
become desirable. This presupposes, of course, as 
Reg-Rat Dipl-Ing Meyer in the VDI Report points 
out, that the hardness values in use in each country 
are themselves mutually comparable. To achieve 
this, a reference standard must be available; that is, 
either the material of the chosen test-piece which 
would then become the master standard, or the 
apparatus by which this master group would be 
measured, as well as the hardness of the calibration 
plates used for the calibration of commercial-type 
hardness testers. Meyer comes out in favour of the 
apparatus as the reference standard. 

The first Rockwell standard apparatus was de- 
veloped in Germany and built and put into operation 
in 1943. Its principal features were: (a) Direct face 
loading with practically friction-free application and 
removal of minor and major loads so as to guarantee 
that the actual value of the effective test load 
corresponds with the rated or theoretical value. 

(6) Direct measurement of the permanent depth 
of penetration after removal of the major load, this 
serving as the determinant. Thus is avoided the 
possibility of error which results with the usual 
commercial type of apparatus, in which a translation 
of 5 to 1 is interposed for the determinant. 

(c) Measurement of the determinant according to 
(6) by optical, non-mechanical means, employing 
precision scale and micrometer microscope so as to 
reduce the error of the standard apparatus for the 
necessary single order of magnitude compared with 
that of the measuring equipment, which is used with 
commercial-type Rockwell testing apparatus. 

(d) Enclosed frame support, consisting of base- 
plate, two columns and a cross-tie rigidly connected 
thereto, this to avoid the liability of error which 
results from the C-form frame construction pre- 
dominant among commercially employed equip- 
ment. 

(e) Support table sits securely on the foundation 
plate. In this way all those sources of error are 
avoided which arise from the permanent displace- 
ment of the test-piece in the direction of the test 
axis, under the influence of the major load. 

A standard HRC penetrator is, of course, also 
necessary for this Rockwell-C apparatus. During 
trial tests with the first standard apparatus for the 
purpose of selecting the necessary HRC penetrator 
a marked relationship between the measured HRC 
hardness values of the penetrator employed and 
their numerical value was established. In practice, 
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the reference value now depends only upon this 
component. 

With this, however, not all conditions for attaining 
comparability of measured HRC hardness values are 
fulfilled. In addition, the calibration plates (irrespec- 
tive of whether they are of steel or non-ferrous metal) 
must have the following characteristics: (1) Greatest 
possible uniformity of hardness over the entire 
surface of the calibration plate and to a depth co- 
mensurate with the depth effect of the applied test 
impression or its resulting radius of influence. 

(2) The hardness of the calibration plates obtained 
on the standard apparatus must remain constant 
over a period of time in excess of the average life 
of the calibration plates in question. For practical 
purposes, however, this life span should not be 
rated at more than two years. 

In addition, other questions of measurement tech- 
nique must be considered. 

For the hardness calibration plates, which were the 
result of long development, a new triangular form 
was chosen. In the worst case, the resultant average 
HRC hardness values on these plates are as follows: 


Hardness range HRC = 50 : ca + 0-4 HRC units 
HRC < 50 : ca + 0-6 HRC units 


These values represent the highest possible 
efficiency factors at present attainable. 

To avoid confusion, and in agreement with the 
leading German manufacturers of hardness-testing 
apparatus, the following tolerance limits for devia- 
tion of average calibration plates from the indicator 
values of these instruments were agreed: 


+ 1-5 HRC units for the range HRC = 50 
+ 2-0 HRC units for the range HRC < 50 


Nevertheless, the way to achievement of inter- 
national comparability of measured HRC values is 
still a long one. 

Because of the considerably reduced time for test, 
as well as the generally greater economy of this 
method compared with those others having the same 
field of application (Vickers and Brinell), the aim 
should be to establish as soon as possible inter- 
nationally comparable HRB values. The difficulties 
here are not so great as with HRC values, since the 
influence of the penetrator upon the measured value 
is removed. To eliminate the harmful permanent 
shifting of the penetrator in its mount during test, 
as well as damage to its surface, the development of 
penetrators made from the solid was pursued. Test- 
ing with such a standard penetrator must, of course, 
be carried out on a special standard apparatus. 

Throughout the industrial countries the Vickers 
hardness test method is being increasingly used. 
This is due primarily to the fact that its use enables 
hardness testing to be applied to sectors of industry 
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for which the other systems are unsuitable. With 
regard to the comparability of Vickers hardness test 
values, however, only the Vickers macro-test sector 
will be considered here; that is, the scope of applica- 
tion for test forces of P equal to 3 kg and upward. 
In this field the conditions for the desired com- 
parability are present. 


In macro-hardness testing, influence of the 
diamond penetrator in the manner in which it affects 
the HRC test does not occur. Instead, other factors 
have to be considered which, in part, have an even 
stronger effect upon the measured HV hardness 
value. These factors principally relate to the test 
equipment, the influence of the material of the test- 
piece being of secondary importance. In this test 
method also a standard apparatus is used. The 
equipment consists of a standard apparatus with 
direct dead load for production of the test impression 
and a separate optical instrument for its evaluation. 
It is basically similar to the Rockwell standard 
apparatus, but has the conventional test-load stages. 
They can be sub-divided into a major and minor 
load or applied directly without connection of a 
minor load. 


With their high degree of hardness uniformity, the 
calibration plates for the HRC method are also suit- 
able for the Vickers macro test. From the standpoint 
of comparability, substantially the same considera- 
tions apply as with the normal Vickers method. The 
froblem is different, however, inasmuch as consider- 
ably larger measurement values are involved. The 
hardness range, for which calibration plates must be 
provided, is also substantially smaller. 


A standard test apparatus, consisting of a mech- 
anical standard load and a standard optical evaluator, 
must provide a reference scale for the desired com- 
parability. Again with the help of calibration plates, 
the usual commercial Brinell apparatus must be: 
co-ordinated with this standard test equipment. 
For these plates the same material- and measurinz- 
technique conditions apply as for those for the 
already discussed Rockwell and Vickers systems. 
It is advantageous to divide the standard load equip- 
ment in two sizes or magnitudes. In all cases, 
however, each should be equipped with an optical 
instrument for the depth-difference measuring 
method, so as to provide reference values for the 
evaluation of Brinell test impressions on the same 
basis. 


To avoid as far as possible defective readings of 
the HB value due to a worn or damaged standard 
HB penetrator, these latter should, wherever 
possible, be made of hard alloy. Since the deter- 
minant depends essentially upon the peripheral 
ridge of the test impression, the best possible lighting 
system should be used. 
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Commercial application of the Rockwell, 
Brinell and Vickers tests 


An essential condition for achieving comparability 
of measured hardness values, on the basis of the 
three methods just discussed, is the sat sfactory con- 
struction and mode of performance of commercial 
hardness testers for the execution of these tech- 
niques. This is the aim of the two DIN draft 
publications which appeared in October, 1955: 


D IN 51 224: Hardness Testing Apparatus with 
Penetration Depth and Measuring Device. 


D IN 51 225: Hardness Testing Apparatus with 
Optical Impression Measuring Device for Test 
Loads of 3 kg and beyond. 


These hardness testers can only maintain the 
required accuracy if they are checked with calibra- 
tion plates at intervals depending upon frequency of 
use. Such regular inspection is carried out, for 
example, in large works in the U S A. Supervisors 
are here employed whose exclusive daily tak con- 
sists in the regular checking of the hardness testing 
equipment with calibration plates. 


Cleaning and flaw detection plant for steel castings 


Head Wrightson Steel Foundries Ltd., a subsidiary of 
Head Wrightson & Co. Ltd., have instailed at their steel 
foundry in Thornaby a pickling bath for the purpose of 
cleaning and surface flaw detection of certain high-duty 
steel castings. The installation of this plant enables 
Head Wrightson to offer thorough testing facilities for 
complicated castings where there is any suspicion of a 
flaw, and has the advantage of being suitable ani con- 
venient for removing and revealing adhering sand and 
scale, particularly in locations inaccessible to fettling tools. 


Before pickling, the castings must be free from all oil 
or grease, and where oil patches are extensive complete 
immersion of the casting in a non-caustic alkali bath is a 
convenient method of removing the grease. The casting 
remains in the hydrochloric acid bath for approximately 
two hours, and is then removed as quickly as possible, 
during which time its surface is kept wet by swilling 
with water. Immediately the solution has drained, the 
entire surface of the casting is wire-brushed and kept wet 
with water as it is important that the casting should 
never be allowed to dry until the whole operation has 
been completed. When all the oxide and scale has been 
removed, the casting is introduced into a tank containing 
hot water and well-slaked lime in the proportion of 5 Ib. 
lime to 100 gal. water, and this neutralizing bath is main- 
tained at a temperature of between 80° and 90°C. The 
casting remains in the bath for approximately one hour, 
and the surface is then dried by compressed air, which 
also assists in the removal of any neutralizing solution 
remaining in recesses. The neutralizing treatment is an 
important part of the process, as it not only counteracts 
surplus acid remaining entrapped in surface rorosity, but 
it is effective in restoring any lost ductility which occurs 
as a result of the diffusion of hydrogen into the surface 
of the casting. Any cracks that may subsequently be 
revealed by the pickling process are examined closzly, 
and in many cases can be removed by grinding or by 
cutting out with a pneumatic chisel. 
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The recently opened buildings of the Department of Research and Technical 
Development, Stewarts & Lloyds Ltd., at Corby 


Computer policy at Stewarts & Lloyds 


Present and future programme 


Stewarts & Lioyps Ltp. first became actively 
interested in electronic digital computers early in 
1955. The initial impetus came from a desire to 
find out whether such equipment could handle 
large and relatively complex, but nevertheless 
routine. clerical procedures. 

A preliminary study was begun in April, 1955, of 
the payroll and related statistics at Corby in order 
to establish the rules governing this considerable 
clerical routine. Meanwhile, all the companies 
represented in the U.K. who, at that time, could 
be said to be in or on the fringe of the computer 
field were consulted. It is worth remembering 
that even as recently as four years ago the oppcr- 
tunities in Britain for studying a computer regularly 
engaged on routine clerical work were extremely 
limited. 

A very detailed ‘job requirements statement’ 
(in the form suggested by LEO Computers Ltd.) 
was produced by the end of 1955 and sent to 


several computer manufacturers. It was their job 
to study this statement, to give an opinion on the 
feasibility of performing the task on a computer, 
and to estimate the time and cost involved in 
doing so. For various reasons LEO Computers’ 
offer was considered the most suitable, and a formal 
agreement was concluded by which LEO Computers 
was to programme and demonstrate (on live data) 
a section of the Corby payroll on Leo II (in London), 
Should this be to Stewarts & Lloyds’ satisfaction, 
a LEO II would be ordered. It was also hoped to 
develop the demonstration into the regular weekly 
processing of a section of the Corby payroll on 
a service basis. 

The demonstration took the form of a parallel 
run on 520 men of the blast furnaces and began in 
May, 1957. The Leo payslips were scrutinized and 
compared with the conventional payroll. Dis- 
crepancies were investigated, diagnosed and cor- 
rected week by week so that the computer payroll 
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was in agreement with the official one. This went 
on for five weeks, when parallel running was 
stopped, and a further 750 men brought in. 


In November, 1957, a further 500 were taken on 
with only one week in parallel. The total stayed 
at about 1,800 while the work was being done on 
a service basis. This ceased in May, 1958, when 
the company’s own LEO II took over. 


Present and future uses of LEO 


Because of the careful preparatory work that had 
been done, LEO was in productive operation within 
three weeks of the packing cases arriving at Corby. 
By making the satisfactory running of the first job 
prior to delivery a condition of the contract for the 
equipment, there was no delay between installation 
and productive work. Since then, the payroll has 
gone smoothly week by week, and the total being 
paid from the LEO payroll is now 4,000. 


A commércial computer can be used in two 
ways: (i) To do work which was already being 
done (or which would have to be done) in more 
conventional ways; (ii) To do work which could 
not have been attempted by ordinary means. 

Both classes have their advantages and dis- 
advantages. In the first, a routine is established, 
the requirements are usually known and some 
standard can be set against which the computer’s 
performance can be measured. All this can be very 
helpful, but established routines often inhibit a fresh 
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research buildings at Corby. 
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approach and immediate financial saving is not the 
only goal of administrative efficiency. In the 
second, the planner has only to consider the 
restraints inherent in the problem itself, although 
there may be disagreement about its urgency and, 
indeed, its very existence. 

It may, therefore, be sound policy first to demon- 
strate that this very new tool can in fact fashion the 
answers required from an established clerical 
routine, even though it may be felt that there are 
other more worth-while tasks at present unattempted. 
That has been the company policy to date and the 
payroll which inaugurated the installation, already 
doubled in the first four months, is planned to be 
extended quickly to 7,600 to cover all manual 
employees at Corby. Within this first class of work, 
comprehensive programmes for dealing with ware- 
house invoicing and stock control are in active 
preparation and plans are also being made for 
LEO to control the extensive stores in the Corby 
area. 


But that part of the work which merely carries 
out existing tasks in a new and more modern way 
is only a beginning, and already active steps are 
being taken to associate LEO more and more with 
the company’s productive operations. It is not 
intended that this important new tool shall remain 
a mere processor of essential, but limited, com- 
mercial routines, but that it shall also be extended 
to operations such as pipework stress calculations, 
ore mining, and blast-furnace burdening. 


research laboratories 
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Forgeability of steels 
A critical survey of the literature 


G. P. CONTRACTOR and W. A. MORGAN 


The use of low and high alloy steels is expanding considerably, and the fabrication 
procedures for such alloys are becoming more complex. An attempt ts made, in this 
paper, to describe the effect of alloying elements on the hot-workability aspect of the 
fabrication of steels, and to indicate how changes in the forgeability characteristics 
may be predicted by laboratory tests. The different types of tests used and their 
limitations are discussed, and work which may be done to extend the use of these 
laboratory tests and to obtain more consistent and reliable results is outlined. A 
comprehensive list of references is included. Mr. Contractor is senior scientific 
officer, and Mr. Morgan head of the Ferrous Metals Section, Physical Metallurgy 
Division, Mines Branch, Department of Mines and Technical Surveys, Ottawa, 


Canada, who have issued the full report. 


month’ s issue 


Tue subject of forgeability, or hot-workability, 
of iron and steel has interested many investigators, 
especially during the past 50 years. Iron and steel 
have been forged for several thousand years, but 
the operation has not always been successful, 
because of the cracking of the metal under hammer 
blows. With the addition of various alloying ele- 
ments in recent years, the red-, or hot-, shortness of 
steels has increased. The stainless steels, for 
instance, have shown great susceptibility to crack- 
ing when forged or rolled at elevated temperatures. 
In other words, while many metals and alloys can 
be easily altered from a given section into a desired 
shape by forging with either open or closed dies, 
there are alloys which present great difficulties even 
in such a simple process as upsetting. Furthermore, 
the performance of a material during forging not 
only depends upon its chemical composition, but 
is also dependent upon grain size, surface condition, 
range of forging temperature, and speed of 
deformation. 

Various attempts have been made in the past to 
develop a device to determine whether a steel 
could be hot-worked and at what temperature it 
has the best forgeability. Nearly all conventional 
mechanical testing methods have been employed 
by one or more investigators':**’ to evaluate 
certain of the metal characteristics which comprise 
forgeability. These are the compression, tension, 


The survey will be concluded in next 


bend, torsion and irapact tests. These attempts 
have met with varying degrees of success. The 
purpose of this report is to give a brief preliminary 
survey of some of the work done on the evaluation 
of hot-working characteristics of metals, with 
emphasis on the results of the * hot-twist test’ 
used in recent years by Ihrig,*» * Clark and Russ®: * 
and others.’ * 

Although our knowledge of the behaviour of 
metals at clevated temperatures has increased 
considerably during the past several years, it is 
generally believed that most of the investigations 
have been carried out at proposed operating tem- 
peratures of equipment, rather than at processing 
or fabricating temperatures. The study has, 
however, brought out an outstanding observation, 
which holds good for the entire high temperature 
range ; that is, that the rate of deformation to which 
the metal is subjected is as important as the operat- 
ing temperature itself. For instance, in low carbon 
steel (0-15°,, C) the rupturing temperature under 
the rates of deformation met with in creep tests, say 
of the order of 1°,, per 10,000 or 100,000 h., is less 
than 800°F., while in the rupture tests of 1,000 h. 
or more it is about 900°F. On the other hand, 
under the rates of deformation associated with 
tensile tests this temperature is around 1,500°F. 

Since the rates of deformation usually encoun- 
tered in forging and other hot-processing operations 
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1 Effect of carbon on forgeability of carbon steels (O. W. 
Ellis'*) 


A Steel P—O-10”,¢ 

: F—O0 16° ,¢ 
( o B—O 68° ..€ 
xX , H—0O-85",¢ 


Since the publicagion of Ellis’s work a number 
of investigators'*-** have employed a compression 
test for evaluating hot-malleability characteristics 
of metals by examining the development of cracks 
along the circumferential area of compressed 
barrel-shaped samples. This method has been 
applied to both hot and cold upsetting. It has been 
generally agreed that the reduction value at which 
ruptures begin to appear, or the maximum reduc- 
tion which 1s obtained without fracture, should be 
used to determine the ductility component of 
forgeability. Thus, it has been suggested by 
Martin and Biecber®® that the compression of 
nickel-alloys, for instance, from a l-in. cube to 
\-in, thickness, a reduction of about 87°, repre- 
sents the practical limit for this type of testing 
usually carried out at 1,800°F. and 2,100°F. The 
ductility of a given alloy at a particular temperature 
is then obtained by subjecting a series of 1-in. cube 
specimens to blows of different energy, and noting 
the reduction at which cracking first occurs. In 
the case of nickel-alloys this procedure has been 
found useful for distinguishing between ductile 
and brittle (red-short) material at a _ given 
temperature. 

In the case of other non-ferrous alloys, Portevin 
and Bastien*® have shown that the compression 
test results are influenced by the forming speed. 
They indicated that as the speed of deformation is 
increased the temperature over which fracture 
takes place is markedly displaced toward high 
temperatures. In other words, cracks develop at a 
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high strain rate up to a considerably higher forging 
temperature than at a low strain rate. This explains 
why, in hot-working light and ultra-light alloys, 
slow deformations are adopted (press forging, 
for example). 

Investigators"~** have also tried to apply the 
compression test to copper-zinc alloys which offer 
forging and rolling difficulties in a certain range of 
composition, temperature, and speed of deforma- 
tion. The results of these investigations have, 
however, failed to indicate any relationship between 
the compression test and the hot-shortness of such 
materials. Thus, it appears that the compression 
test could be of some value only where excessive 
hot-shortness is involved or where surface defects 
or contamination may lead to cracking after 
extensive upsetting. 

In regard to the application of a compression 
test, it must be appreciated that the ductility of 
most materials is of a very high order under con- 
ditions where the strains are strictly compressive.” 
For instance, many materials considered unforge- 
able can be worked successfully by methods which 
utilize extrusion. On the other hand, as a cylindrical 
sample becomes barrel-shaped under the upsetting 
operation, associated tensile stresses come into 
play® around the periphery. It is these secondary 
tensile stresses which restrict the amount of com- 
pression and cause cracks to develop at the barrel- 
shaped surface. As the degree of barrelling varies 
with the magnitude of the friction forces at the 
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2 Compression-reduction curve for a magnesium alloy up 
to high reductions (Dietrich and Ansil*’) 
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are greater than those applied in tensile strength 
measurements, it follows that the rupturing tem- 
perature for the same steel under these conditions 
would be much above 1,500°F. It is generally 
believed® that the failure to appreciate this basic 
fact with regard to the influence of the rate of 
deformation has been responsible for the slow 
development of a successful device to determine 
the hot-working temperatures of metals. 


Laboratory compression tests 


The usual earlier method for evaluating the 
ductility of forging stock was to heat cylindrical or 
square samples at different temperatures, draw 
them from the heating chambers, and forge them 
on a cold anvil with a cold hammer. It is generally 
known that many alloys will develop cracks along 
the periphery of a barrel-shaped forging if the 
reduction exceeds certain values. Examination of 
flattened samples for cracks gave a qualitative mea- 
sure of the ductility component of forgeability. 

Robin’ was one of the early investigators to 
determine what he called the resistance of steels 
to crushing at various temperatures. He conducted 
tests on a number of alloys, both ferrous and non- 
ferrous, at temperatures which ranged from 
—300 F. to 2,010°F. (—185°C. to 1,100°C.). 
From the results of these tests, published in 1910, 
he was able to estimate the energy required to 
reduce normal* cylinders of these materials by 
20°., of their original height. The resistance 
to crushing of carbon steels was found to be very 
considerable at liquid air temperatures, but dimi- 
nished very rapidly up to 0°C., and then slowly up 
to 570°F., where the minimum resistance was 
found. Beyond 570°F. (300°C.) the resistance 
increased, and reached a maximum at about 930 F. 
(500°C.), followed by a rapid drop at 1,560 F. 
(850°C.) and a very slow fall at higher temperatures. 

Robin’s results bring out clearly the well-known 
fact that the higher the carbon content of a steel 
the greater is its resistance to crushing or, in other 
words, the less is its forgeability, other things 
being equal. 

Robin also investigated alloy steels and concluded 
that the resistance to crushing may be greatly 
reduced, or even obliterated, by the presence of a 
sufficient amount of an element in solution, such as, 
for example, chromium. He also noted that some 
steels preserve a high degree of resistance to crush- 
ing at high temperatures, a resistance much greater 
than that of carbon steels. The presence of nickel 
was reported to favour this resistance at elevated 
temperatures. The effects of chromium and nickel 
may, of course, be differentiated when it is con- 


*Cylinders whose heights and diameters are equal. 
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sidered that chromium forms complex carbides and 
nickel is an austenite former. 

Since the publication of Robin’s classical work 
in 1910, many important contributions have been 
made on the subject of forgeability of steels. 
Yensen'’ in 1920 observed that pure iron-nickel 
alloys do not forge readily, if at all, at ordinary 
forging temperatures and that manganese and 
titanium have the ability to strengthen the so- 
called ‘amorphous material’ between the crystals 
to such an extent as to make it stronger than the 
crystalline matrix. He further recorded that alu- 
minium, carbon, magnesium and silicon have little 
or no effect on the forgeability and that an examina- 
tion of the microstructure gives no definite 
indication as to whether a material will forge well. 
It will be indicated later, however, that austenite 
is more difficult to forge than ferrite and that 
duplex structures do not forge as well as a homo- 
geneous structure. 

In 1924, Ellis’ published a paper entitled ‘ An 
investigation into the effect of constitution on the 
malleability of steel at high temperatures.’ This 
was one of the many papers'®~'’ published by Ellis 
who has conducted numerous experiments on the 
forgeability of metals. The paper mentioned above 
dealt with the influence of the critical points in 
iron and steel upon their hot-working properties 
and showed that these points had significant effect 
in this connection. He pointed out that the atomic 
re-arrangement which occurs at the Ac, point 
appears to result in an increase in the resistance 
of iron to deformation. 

The greater strength, or the resistance to defor- 
mation, of the gamma-iron phase above the critical 
points observed by Ellis may be explained by the 
fact that gamma-iron contains more carbon in 
solution than ferrite to strengthen the matrix. 

To determine forgeability Ellis employed a 
method known as the dead-weight flattening test 
also known as single-blow drop-hammer test, or 
impact compression test). It consisted of measuring 
the percentage reduction in height of standard 
cylindrical specimens after being subjected to a blow 
or blows, of a drop-forging hammer of given weight 
and falling freely from a fixed height. The test 
specimens were heated to a given temperature 
before being forged. The difference in height of the 
test specimen before and after forging, multiplied 
by 100, was referred to as the percentage reduction 
in height of the sample and was taken as a measure 
of forgeability of the material. Some of the forge- 
ability-temperature curves obtained by Ellis on 
carbon steels are shown in fig. 1. Curves for nickel 
and chromium steels are similar in pattern, and 
demonstrate that in the low-alloy steels studied, 
carbon has a greater effect than nickel or chromium 
on forgeability. 
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Since the publicagion of Ellis’s work a number 
of investigators'* "* have employed a compression 
test for evaluating hot-malleability characteristics 
of metals by examining the development of cracks 
along the circumferential area of compressed 
barrel-shaped samples. ‘This method has been 
applied to both hot and cold upsetting. It has been 
generally agreed that the reduction vaiue at which 
ruptures begin to appear, or the maximum reduc- 
uion which 1s obtained without fracture, should be 
used to determine the ductility component of 
forgeability. Thus, it has been suggested by 
Martin and Bieber*’ that the compression of 
nickel-alloys, for instance, from a l-in. cube to 
.-in, thickness, a reduction of about 87°,,, repre- 
sents the practical limit for this type of testing 
usually carrfed out at 1,800°F, and 2,100°F. The 
ductility of a given alloy at a particular temperature 
is then obtained by subjecting a series of l-in, cube 
specimens to blows of different energy, and noting 
the reduction at which cracking first occurs, In 
the case of nickel-alloys this procedure has been 
found useful for distinguishing between ductile 
and brittle (red-short) material at a given 
temperature, 

In the case of other non-ferrous alloys, Portevin 
and Bastien®® have shown that the compression 
test results are influenced by the forming speed. 
They indicated that as the speed of deformation is 
increased the temperature over which fracture 
takes place is markedly displaced toward high 
temperatures. In other words, cracks develop at a 
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high strain rate up to a considerably higher forging 
temperature than at a low strain rate. This explains 
why, in hot-working light and ultra-light alloys, 
slow deformations are adopted (press forging, 
for example). 

Investigators” ™ have also tried to apply the 
compression test to copper-zinc alloys which offer 
forging and rolling difficulties in a certain range of 
composition, temperature, and speed of deforma- 
tion, The results of these investigations have, 
however, failed to indicate any relationship between 
the compression test and the hot-shortness of such 
materials. Thus, it appears that the compression 
test could be of some value only where excessive 
hot-shortness is involved or where surface defects 
or contamination may lead to cracking after 
extensive upsetting, 

In regard to the application of a compression 
test, it must be appreciated that the ductility of 
most materials is of a very high order under con- 
ditions where the strains are strictly compressive.” 
For instance, many materials considered unforge- 
able can be worked successfully by methods which 
utilize extrusion, On the other hand, as a cylindrical 
sample becomes barrel-shaped under the upsetting 
operation, associated tensile stresses come into 
play” around the periphery. It is these secondary 
tensile stresses which restrict the amount of com- 
pression and cause cracks to develop at the barrel- 
shaped surface. As the degree of barrelling varies 
with the magnitude of the friction forces at the 
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are greater than those applied in tensile strength 
measurements, it follows that the rupturing tem 
perature for the same steel under these conditions 
would be much above 1,500 PF, It in generally 
believed® that the failure to appreciate this basic 
fact with regard to the influence of the rate of 
deformation has been responsible for the slow 
development of a successful device to determine 
the hot-working temperatures of metals 


Laboratory compression tests 


The usual earlier method for evaluating the 
ductility of forging stock was to heat cylindrical or 
square samples at different temperatures, draw 
them from the heating chambers, and forge them 
on a cold anvil with a cold hammer, It is generally 
known that many alloys will develop cracks along 
the periphery of a barrel-shaped forging i the 
reduction exceeds certain values, Examination of 
flattened samples for cracks gave a qualitative mea 
sure of the Zoaiiien component of forgeability 

Robin” was one of the early investigators to 
determine what he called the resistance of steels 
tO Crushing at various temperatures, He conducted 
tests on a number of alloys, both ferrous and non 
ferrous, at temperatures which ranged from 

wO KF, to 2010 F (185 C. to 1,100°C,), 
From the results of these tests, published in 1910, 
he was able to estimate the energy required to 
reduce normal* cylinders of these materials by 
20°,, of their original height The resistance 
to crushing of carbon steels was found to be very 
considerable at liquid air temperatures, but dimi 
nished very rapidly up to 0'C., and then slowly up 
to 570°F., where the minimum resistance was 
found, Beyond $77 F, (300°C.) the resistance 
increased, and reached a maximum at ebout 940 F 
(500°C), followed by a rapid drop at 1,560 h 
(850 ©.) and a very slow fall at higher temperatures 

Robin's results bring out clearly the well-known 
fact that the higher the carbon content of a steel 
the greater is its resistance to crushing or, in other 
words, the less is its forgeability, ether things 
being equal, 

Robin also investigated alloy steels and concluded 
that the resistance to crushing may be greatly 
reduced, or even obliterated, by the presence of a 
sufficient amount of an element in solution, such as, 
for example, chromium, He also noted that some 
steels preserve a high degree of resistance to crush 
ing at high temperatures, a resistance much greater 
than that of carbon steels, The presence of nickel 
was reported to favour this resistance at clevated 
temperatures, The effects of chromium and nickel 
may, of course, be differentiated when it is con 
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sidered that chromium forms complex carbides and 
nickel is an austenite former. 

Since the publication of Robin's classical work 
in 1910, many important contributions have been 
made on the subject of forgeability of steels, 
Yensen'® in 1920 observed that pure iron-nickel 
alloys do not forge readily, if at all, at ordinary 
forging temperatures and that manganese and 
titanium have the ability to strengthen the so 
called ‘amorphous material’ between the crystals 
to such an extent as to make it stronger than the 
crystalline matrix. He further recorded that alu- 
minium, carbon, maynesium and silicon have little 
or no effect on the forgeability and that an examina 
tion of the microstructure gives no definite 
indication as to whether a material will forge well, 
It will be indicated later, however, that austenite 
is more difficult to forge than ferrite and that 
duplex structures do not forge as well as a homo 
geneous structure, 

In 1924, EBllis'' published a paper entitled ‘ An 
investigation into the effect of constitution on the 
malleability of steel at high temperatures.’ This 
was one of the many papers!* '’ published by Ellis 
who has conducted numerous experiments on the 
forgeability of metals, The paper mentioned above 
dealt with the influence of the critical points in 
iron and steel upon their hot-working properties 
and showed that these points had significant effect 
in this connection, He pointed out that the atomic 
re-arrangement which occurs at the Acy point 
appears to result in an increase in the resistance 
of iron to deformation, 

Ihe greater strength, or the resistance to defor 
mation, of the gamma-iron phase above the critical 
points observed by Ellis may be explained by the 
fact that gamma-iron contains more carbon in 
solution than ferrite to strengthen the matrix, 


To determine forgeability Ellis employed a 
method known as the dead-weight flattening test 
(also known as single-blow drop-hammer test, or 
impact compression test), It consisted of measuring 
the percentage reduction in height of standard 
cylindrical specumens after being subjected to a blow 
or blows, of a drop-forging hammer of given weight 
and falling freely from a fixed height. The test 
specimens were heated to a given temperature 
before being forged. The difference in height of the 
test specimen before and after forging, multiplied 
by 100, was referred to as the percentage reduction 
in height of the sample and was taken as a measure 
of forgeability of the material, Some of the forge 
ability-temperature curves obtained by Ellis on 
carbon steels are shown in fig. 1, Curves for nickel 
and chromium steels are similar in pattern, and 
demonstrate that in the low-alloy steels studied, 
carbon has a greater effect than nickel or chromium 
on forgeability, 
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3 Factor of stiffness* of ingot tron and of some carbon steels 
at various temperatures (A. Sauveur*®) 


*Ratio of torsional strength (breaking stress) to number of twists to 
failure (strain 


interfaces between the dies and specimen, it may 
be inferred that the ductility derived from a com- 
pression test also varies, depending upon the type 
of lubricant used. 


Dietrich and Ansil*’ have shown (fig. 2) that the 
unit pressure required for cold upsetting a mag- 
nesium alloy increases considerably as the reduction 
approaches high values. This may be attributed to 
the rapid work hardening in this particular type of 
alloy. Of course, the frictional forces will increase 
when the pressure to cause deformation is increased, 
and the coefficient of friction of a cold-worked 
surface against the die may also increase, so it 
becomes practically impossible to cause further 
reduction beyond a certain limit. 


Effect of rate of strain 


Since 1950 excellent work has been carried out 
by Cook and his associates**. *’. ** in England on 
the hot-strength of a range of steels subjected to 
compression at temperatures varying between 
1,830°F. and 2,200°F., and at different rates of 
straining. Their results show that the strength of 
steel at any given temperature is progressively 
increased by increasing strain rates. 

It is also clear that the effect of strain rate on the 
hot-strength is different for different materials. This 
obviously necessitates that the forgeability tests 
based on constant-rate compression technique 
must be carried out at rates comparable to those 
used in production. In fact, there appears to be no 
simple relationship between reduction obtained by 
impact compression (hammering) and reduction 
obtained by slow compression. In other words, 
static tests, performed at slow speeds, are likely to 
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give different rating of the steels from that obtained 
under conditions of rapid strain, such as in forging. 
They may either decrease or enhance certain 
features of forgeability observed at higher rates of 
straining. 


Furthermore, it has been shown?* that, in general, 
the soaking at the testing temperature reduces the 
hot-strength of the material, especially when it 
contains a carbide-forming element such as chro- 
mium. The presence of undissolved carbides in 
austenite has been put forward as an explanation for 
the higher strengths in steels when not soaked. 
However, as the testing temperature is increased, 
say from 1,830°F. to 2,200°F., the difference 
between the strengths of rapidly heated and soaked 
samples is less marked. This has been attributed 
to the increased solubility of the carbides at the 
higher temperature and rapid grain coarsening. 
Another significant observation made by Cook and 
Blythe** has been that the time taken to heat up 
to testing temperature is a critical factor in hot- 





r 
| 


| 











8 900 OC uOC 2200 2300 MOO 
TEMPERATURE “F 


4 Torque characteristics of the following steels: 


Composition 








l 2 3 4 
Carbon 0-16 0-14 0-10 0-05 
Manganese 0-46 0-62 0-56 0-52 
Silicon 0-27 0-8 0 28 0-52 
Chromium 0-07 0-15 0-15 17-78 
Nickel 0-09 1-7 5-01 9 60 
Molybdenum 0-03 0-25 0-05 a 
Sulphur 0-017 0-021 0-020 0-012 
Phosphorus 0-013 0-022 0-018 0-006 
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strength determinations when the specimens are 
not soaked. 

In brief, it appears that although the compression 
test, either impact compression or constant-rate 
compression, has been employed to evaluate hot- 
working properties of steels, it has a number of 
uncontrolled variables and, unless they are reduced 
to the barest minimum, the method cannot be 
looked upon as a comparable qualitative measure 
of forgeability. Besides, if the procedure has to be a 
successful laboratory tool it should be simple, fairly 
quick, and correlatable with large-scale or com- 
mercial hot-working operations such as forging, 
rolling, piercing, etc. Another disadvantage of the 
compression test is the difficulty of maintaining the 
specimen at a constant temperature during the test. 

As mentioned previously, attempts have been 
made to evaluate the ductility of forging stock by 
tests other than compression. While these tests 
have proved useful for certain specific purposes, 
their general application to forgeability has been 
questioned by many investigators. There appears 
to be a definite lack of a simple forgeability test 
which would rate the materials in much the same 
manner as tension or fatigue tests. In this con- 
nection, Draper** has suggested that some test, 
designed after the bulging or expansion tests used 
to measure the ductility of plate, sheet or tube 
at room temperature), may offer a solution to this 
problem. However, a hot-twist test in which the 
predominating stresses are in shear has received a 
good deal of attention in recent years as a means of 
evaluating hot-workability of metals. 


Torsion or hot-twist test 

Sauveur®® in 1924 described the influence of 
carbon on torsional properties of steels near their 
critical points. He recorded that carbon increases 
the ductility (plasticity) of gamma iron. In 1930, 
Sauveur*® reported an investigation in which a 
twisting test of grooved bars was developed to 
determine some of the physical properties of carbon 
steels, austenitic and non-austenitic steels at tem- 
peratures under 1,830°F. (1,000°C.). The factor of 


stiffness obtained by dividing the torsional strength 
(breaking stress) in pounds by the number of twists 
to rupture (strain) brought out sharply the blue- 
heat ranget in some steels (fig. 3). 

Sauveur also demonstrated that the blue-heat 
brittleness range found in carbon steels was absent 
in the austenitic material and that red-shortness in 
plain carbon steels was essentially a property of 
face-centred (gamma) iron. It may be added that 
Sauveur’s work was confined to the twisting 
tests carried out under 2,000°F. (1,090°C.) and, 
therefore, below the normal forging temperatures. 
Furthermore, he mentioned the existence of an 
apparent relationship between the creep stress (for 
a life of 100,000 h. with 1°,, elongation) and the 
torsional strength determined by short twisting 
tests. 

Since the publication of Sauveur’s work*’ in 
1930, torsion tests at elevated temperatures or hot- 
twist tests*': *? have been considered by several 
investigators*: *. >. ®. 7. * as one of the most suitable 
methods for measuring the forgeability of straight 
carbon and alloy steels. From the results on many 
steels, Clark and Russ* have concluded that hot- 
torsion tests indicate reliably the best temperature 
for hot-working. The number of twists to failure, 
when related to temperature, normally shows a 
maximum; the temperature at which it occurs is 
considered to be the optimum forging temperature. 

In addition to the hot-twist characteristics, the 
test also gives torque measurements at various 
temperatures of testing. Whereas the number of 
twists to fracture is indicative of hot-ductility of 
the material, the torque is a relative measure of 
strength or flow stress. Although twist-temperature 
curves are of prime importance in determining the 
suitable forging temperature range, the torque 
curves are useful in indicating how the strength of 
material decreases as the temperature is increased. 
Fig. 4 shows the temperature-torque relationship of 
carbon and alloy steels. It will be seen that 18 Cr : 

t480—750°F. (250—400°C.), depending upon the 
carbon content. 








TES 





metal treatment 








and Drop Forging 
400 
ARROW INDICATES MAZIMUM RECOMMENDED 
0} FORGING TEMPERATURE 


300 


200P- 


orf 


wuMmere 








800 'gOO 21000 20 2200 7300 27400 
TEMPERATURE “fF 
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Composition, 





I 2 5) |, @ 
Carbon 0-14 0-10 1-02 0-05 
Manganese 0-62 0-56 0-31 0-52 
Silicon 0 Ww 0-28 0-35 0-52 
Chromium 0-15 0-15 0-w 17-78 
Nickel 1-72 5-01 0-09 9 60 
Molybdenum 0-25 0:05 0-03 — 
Sulphur 0-021 0-020 0-018 0-012 
Phosphorus 0-022 | 0-018 | 0-015 0-006 


8 Ni stainless steel has the highest hot-strength at 
each of the temperatures examined, and that 0- 16°, 
carbon steel has the lowest hot strength. 


Hot-twist test apparatus 

The apparatus has been described by Ihrig,*: * 
Clark and Russ® and by others, and in principle is 
similar to the one employed by Sauveur*’ over 
25 years ago. It consists essentially of a furnace 
for heating and maintaining the specimen at a 
given temperature and a variable speed motor for 
twisting the specimen at the desired rate. A counter, 
which automatically starts and stops at the begin- 
ning and end of the test, gives the number of 
revolutions required for fracture. The determina- 
tion of force during each test is obtained with the 
help of a weighing machine and a torque arm 
attached to one of the chucks mounted in a bearing." 
Fig. 5 shows the diagram of the apparatus employed 
by Ihrig.* 

The test specimen employed by Clark* and Ihrig,' 
a 22-24 in. long forged bar, had a diameter of 
about *, in. throughout, with no central reduced 
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section. As it is unlikely that deformation would 
be confined to the hottest (central) portion, the 
results from such a test specimen have been 
questioned by Hughes.* It means that the total 
twists to fracture include not only those resulting 
from twisting the specimen in the portion at the 
desired test temperature, but also those resulting 
from twisting in areas away from the hottest 
central section. The method, therefore, involves 
the twisting of a test specimen over a temperature 
range. As a result, the total number of twists may 
be affected by the length of the hottest zone in the 
furnace and the general temperature gradient 
existing throughout the specimen’s length. This 
effect, of course, can be minimized by the use of a 
specially designed furnace. 

Ihrig,* on the other hand, found that there was 
no advantage in employing smaller or larger 
diameter bars than the in. standard test speci- 
mens referred to earlier. He observed that reduced 
portions in the centre of the bars cause inaccuracies 
because the twists are not confined to the small 
central section, but show a tendency to pile up at 
the shoulders. Regarding the size of the rod, 
Ihrig’s observations have been confirmed by 
Anderson and his associates,’ who found that the 
number of twists to failure is not greatly influenced 
by varying the diameter of the test specimens. They, 
however, did record that the number of revolutions 
required for rupture increased as the diameter of the 
test specimen was reduced from § in. to } in. It may 
be added here that in regard to the speed of testing, 
Anderson observed that as the rate of twisting 
increased, the number of twists to failure also 
increased. 

Furthermore, in spite of the objectionable 
features attributed to the use of the straight round 
test bar, Bloom and his co-workers* consider that 
the hot-twist test is valuable because it gives an 
approximate measure of the hot-workability (duc- 
tility) of materials at different temperatures. They 
employed the test to examine the relationship 
between the structure and hot-workability of stain- 
less steel, and found that austenite and ferrite, when 
present together, apparently caused poorer work- 
ability than when only the predominant phase for a 
given alloy composition was present. 


Temperature-forgeability results 

Fig. 6 shows typical hot-workability curves® of 
four different steels, two of which represent the 
constructional types SAE 4615 and SAE 2512, one 
a high carbon tool steel and the other a stainless 
type 304 (18 Cr : 8 Ni). These curves clearly 
indicate that in each case the number of revolutions 
required for fracture increases as the temperature 
is raised, until an optimum or a maximum tempera- 
ture is reached, after which the number of twists 
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decreases. These steels, however, bear out certain 
differences in (i) the number of twists required for 
fracture at a given temperature; (ii) the rate at 
which the number of twists required increases with 
temperature; (iii) the temperature at which the 
number of twists reaches a maximum; and (iv) the 
rate of decrease in the number of twists required 
after the optimum temperature is passed. 

A comparison of the two constructional steels 
(fig. 6) indicates that whereas SAE 4615 has its 
temperature of maximum twist only about 25°F. 
above that of SAE 2512, it approaches and departs 
from this temperature (2,350°F.) at a much slower 
rate, as shown by the slope of curve (1). The tool 
steel curve (3) is somewhat similar to SAE 2512, but 
its temperature of maximum twist is appreciably 
lower, being of the order of 2,150°F. against 2,350°F. 
for SAE 2512. On the other hand, 18 Cr : 8 Ni 
stainless steel does not reach its temperature of 
maximum twist at 2,450°F. However, this steel 
requires fewer twists for fracture than the other 
steels. It may be added here that extensive work 
in correlating the optimum temperatures obtained 
on the basis of twist tests, with well established 
forging temperatures on various grades of steels, 
has been carried out at the research and develop- 
ment laboratories of the Timken Roller Bearing 
Company, Canton, Ohio. As a result of this survey 
it was found that in general the optimum tempera- 
tures obtained from twist tests coincided with the 
maximum forging temperatures established through 
experience. 
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World literature on heat transfer 


In the latest edition of the MERL Heat Bibliography are 
included 12,000 references to published papers and books 
on all aspects of heat transfer and related subjects. It 
contains references .to heat transfer by conduction, 
convection and radiation; boiling, condensation and 
evaporation; heat exchangers of various kinds; and 
physical properties such as entrophy, specific heats, 
thermal conductivity and viscosity. 

The references were obtained from original publications 
and abstract journals; all titles noted in MERL during 
1955 and 1956 which appeared to be relevant are listed. 
The titles are printed under a simple subject classification 
which avoids cross-referencing. Copies of Heat Biblio- 
graphy, 1955-56, are available from the Mechanical 
Engineering Research Laboratory, East Kilbride, Glasgow. 
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SPECIAL HEAT-TREATMENT processes at the Witton 
(Birmingham) Rectifier Works of the General Elec- 
tric Co. Ltd. can now be completed in vacuum, 
with the recent installation there of two G.E.C. 
vacuum furnaces. Each furnace has its own control 
gear and vacuum-pumping system. 

The larger of the furnaces has usable dimensions, 
24 in. high and 15 in. dia. The body of the 
furnace is a water-cooled, vertical, cylindrical, mild- 
steel tank, clad on the inner surface with stainless 
steel. The tank is covered with a hinged, domed 
lid which is operated by hydraulics. Faced flanges 
with rubber seals on the lid and the body of the 
furnace form a vacuum-tight seal. 

The element is an assembly of graphite bars 
and has a circular section. It surrounds the charge 
which is heated by radiation. The element oper- 
ates at a low voltage supplied by a three-phase 
transformer, the output of which is steplessly 
variable by means of a voltage regulator to give 
control over the heating rate. 

The thermal insulation consists of radiation 
screens of stainless steel and molybdenum sheets 
arranged to enclose the heating chamber. 


Vacuum-pump system 

The vacuum-pumping system consists of a gas 
ballast pump, a combined booster and oil diffusion 
pump, and a valve block which controls the evacua- 
tion of the furnace chamber. The valve block is 
fitted with a five-position operating lever which 
can be moved in one direction only to ensure the 
right sequence of operations. An operating vacuum 
better than 10° mm. Hg can be obtained. The gas 
ballast pump is interlocked with the power supply 
so that a failure of the pump automatically causes 
an interruption in the electric supply to the element. 

Cooling water for the diffusion pump circuit is 
taken direct from the mains. For the cycles of 
heating and cooling on this installation the re- 
mainder of the cooling circuits use a recirculating 
water system with a 300-gal. storage tank. The 
water is pumped round the circuits, its maximum 
temperature being governed by a thermostatic valve 
in the pump line. As the temperature of the water 
approaches 120°F. the valve starts to open to 
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The chamber of the larger vacuum furnace, showing the 
element assembly and radiation screens 


allow water to run to waste and cold water from 
the mains to enter the tank. The valve closes 
when the water temperature has fallen below the 
valve setting. 

The cooling circuits are fitted with water-flow 
switches which cut off the power supply to the 
elements in the event of a water stoppage. Failure 
of the water pump would also cut off the element 
supply and, by opening a magnetic valve and tem- 
porarily running water to waste, maintain an emer- 
gency, gravity-fed, supply of cooling water through 
the furnace from the make-up and storage tank. 

The furnace is rated at 120 kVA. which allows 
for rapid heating, if necessary to the normal 
operating temperature of around 1,200°C. Pro- 
vision is made for the forced cooling of the furnace 
by introducing argon or hydrogen into the chamber. 

The other furnace is generally similar but has 
usable dimensions 12 in. high and 9 in. dia. It 
will provide temperatures up to 1,800°C. 


‘Electrified production’ 


Electrified Production is the title of a new quarterly illus- 
trated four-page newsletter prepared by the Electrical 
Development Association, and intended for distribution 
by the Electricity Boards to selected industrial consumers 
in their areas 

Copies of Electrified Production can be obtained either 
from Electricity Boards or direct from EDA, 2 Savoy 
Hill, London, W.C.2. 


* Prospects’ 


The fifth number of the Acheson Colloid publication 
Prospects, which gained an award in the 1958 National 
House Journal Competition for * high quality of content 
and presentation,’ features articles on several nuclear 
energy applications for ‘dag’ products. These include 
the treatment of Berkeley bellows units and Bradwell 
heat exchangers. Copies of Prospects No. 5 can be 
obtained from Acheson Colloids Ltd., 70 Hill Street, 
Richmond, Surrey. 
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Vibration-controlled hammer 


Installation of foundation at Smith’s Stamping Works 


ROLT HAMMOND, A.C.G.1., A.M.LC.E. 


Coventry 


The various pieces of social legislation passed in recent years make it necessary for 
factory owners to take all reasonable steps to prevent a nuisance arising from noise 


and vibration. 


This article describes in detail the vibration-controlled hammer 


foundation installed under a Brett drop-stamp at the works of Smith’s Stamping 
Works (Coventry) Ltd. The foundation was designed by Absorbit Ltd., Wilfred 


Street, London, S.W.1 


IN THE EARLY STAGES of the Second World War the 
Ministry of Aircraft Production was disturbed by 
the numerous failure of large hammer foundations, 
accompanied by fatigue failure of the hammers and 
of their components, which could not be tolerated 
under wartime conditions because they hindered 
production to a very considerable extent. A 
committee was set up within the forging industry, 
sponsored by the Ministry of Aircraft Production, 
and all available information on the complex prob- 
lems presented was collected up to that date in 
1943. 

Research on a very wide scale had up to that time 
been undertaken in many countries into the 
vibration conditions of soil, into the fatigue of 
concrete under vibratory loading, and into the basic 
principles of oscillation mechanics. The Ministry 
had very wisely laid down in the terms of reference 
of the above committee that the results of any 
research should become generaliy available as soon 
as possible. This resulted in a paper presented to 
the Institution of Engineers and Shipbuilders in 
Scotland in 1945. 

The whole subject has now ceased to be based on 
empiricism and is a branch of advanced structural 
engineering, conditions today being very different 
from those in 1943, when there were no correct 
formulae available for designing hammer 
foundations. 

It is of interest to record that since 1946 about 
100 installations of various kinds have been mounted 
on resilient supports. In the United States, before 
the Second World War, some 200 hammers and 
stamps were put on resilient foundations to reduce 
vibrations; it is known that today this number has 
been greatly increased. This desirable state of 





affairs has come about not only because of improved 
knowledge and wider practical experience, but also 
because of the large production advantages opened 
up to forge owners, who are fully aware of the 
financial implications. 


Principles of design 

Vibration control specialists are now well armed 
with the necessary mathematical knowledge and 
equipment for providing vibration control of 
practically any type of machinery, but it is im- 
portant to bear in mind that there is no single 
resilient material or spring system which can provide 


1 The Brett drop-stamp in operation 
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a universal answer to every problem of vibration 
control with efficiency and economy ; each particular 
case must be studied individually, keeping in view 
the operating principle of the installation and the 
type of forging which it produces. In the particular 
case (being described in this article) the cost of 
maintenance is likely to be low, and the replacement 
of any resilient unit is very easy. Moreover, the 
improved working conditions provided have resulted 
in less blows being required for a given forging, an 
indirect and unexpected benefit resulting from 
vibration control and one which will, from a long- 
range point of view, have a considerable effect on 
productivity. 

Before the above-mentioned comprehensive re- 
search was undertaken the design of forging hammer 
foundations was extremely crude. The usual 
arrangement consisted of a large anvil mounted on 
a concrete foundation, with a timber pad interposed 
between the two components with the aim of pro- 
tecting the concrete from the enormous shock loads 
imposed on it. This timber pad acted as a spring, 
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3 Helical-spring 
resilient unit for drop-stamp 
inertia block 


obeying the law of simple harmonic motion with the 
weight of the anvil on top of it. The energy from 
such a vibrating system leaks away very rapidly into 
the ground and may cause it to vibrate violently; 
both the anvil and the timber pad beneath it act 
together as a simple spring weight system with the 
foundation and ground below it also having 
oscillational characteristics peculiar to them. 


Natural ground oscillation frequency 

Research has also revealed, and practical experi- 
ence appears to confirm the fact, that every type of 
ground has its own natural frequency; thus, very 
soft clay may have a natural frequency of about 
10 c.s. when given a sudden blow, whereas in 
contrast a stiff dry sand will oscillate with a natural 
frequency of 30 c. s. or even more. 

The hammer blow sets up a shock wave which 
travels through the whole system and will cause it to 
vibrate, each part, including the subsoil, vibrating 
at its own natural frequency. Should any two parts 
happen to have the same natural frequency, 
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4 Leading cimensions of the Absorbit V5 viscous damper 


5 BELOW Base of the foundation fit with some of the 
spring units tn position and the upper foundation bolts for 
the viscous dampers at the corners before the inertia block 
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vibration will then be in resonance and may build 
up to a very considerable amplitude. It is most 
important to remember that a shock from a hammer 
blow will produce a much more complex series of 
events than a steady oscillation, affecting nearby 
buildings, surrounding ground, and precision in- 
instruments. Oscillations resulting from the initial 
shock are those which must be controlled, great 
care being taken to keep these well out of resonance, 
either with components or with the ground. Full 
information must be available about the hammer, 
its tup weight and the weights and details of dies 
being very important. 

The drop stamp at Coventry has a tup weighing 
50 cwt. which falls through a height of 6 ft. 6 in., 
the velocity of the tup at the moment of impact with 
the work being approximately 250 in./sec. The 
electric driving motor and friction clutch lifting 
gear is mounted on a substantial gantry of structural 
steel, the vertical members of which are anchored to 
the concrete inertia block. 

The general arrangement of the vibration-control- 
led foundation is shown in fig. 2. It comprises a 
concrete lined pit; the base of the block resting on 
34 helical spring resilient units, each assembly 
consisting of 14 springs arranged in a welded 
housing as shown in fig. 3. There are thus 476 
helical springs beneath the inertia block. These 
springs were made by the West Bromwich Spring 
Co. Ltd., and are of silico-manganese steel alloy, a 
material which has exceptionally good fatigue life. 
It is very simple to withdraw and replace any unit, 
for it is only necessary to tighten or slacken off the 
four ]-in. dia. through bolts. At each of the four 


6 Top of inertia block with the eight holding dcwn bolts for 
the steel superstructure of the drop-stamp 
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7 Concrete lined foundation 
pit showing recess at the top for 
cover plates. Some of the 
spring units can be seen at the 
bottom left-hand corner 

of the picture 


corners of the inertia block there is a viscous damper, 
the dimensions of which are shown in fig. 4; the 
lower foundation bolts are set in the base as indi- 
cated, the upper bolts being located with a template 
and set in the concrete of the inertia block. These 
viscous dampers are filled with a fluid which has a 
very high viscosity of over 300,000 centistokes ; 
as the plunger in each damper moves downwards, 
the fluid merely overflows into the dashpot. 


High-quality concrete 

All concrete work was designed and undertaken 
by Holst & Co. Ltd., and is of very high quality, 
having been placed with the aid of internal vibration ; 
in order to avoid any chance of excessive tempera- 
ture rise the inertia block was cast in two lifts and 
the concrete kept thoroughly moist in order to cure 
it as it set and also to remove the heat generated by 
setting. The inertia block measures 21 ft. 4 in. 
long in plan by a width of about 14 ft. 9 in., its 
depth being 10 ft. 11 in. and its weight about 220 
tons; the overall weight of the drop stamp is about 
80 tons and that of the anvil about 50 tons. 

Concrete lining for the pit is a 1:2:4 mix (one 
part of coment, two parts of sand and four parts of 
aggregate) and that of the inertia block a 1:1 :4 mix. 
The natural frequency of the imertia block on its 
resilient supporting system is 3°75 c.s. Under 
normal operating conditions the maximum move- 
ment of the inertia block is about 0-15 in., a move- 
ment which the author checked to his satisfaction. 
Larger movements than this can be permitted with- 
out reducing the isolation efficiency. The reactions 
of the hammer operators to larger movements may 
be unfavourable though several successful cases are 
known where large movements have been permitted. 
Neither on the base of the concrete-lined pit nor on 
the ground close to the stamp is there the slightest 
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sign of ground vibration. 
pletely damped out in about three cycles, and this 
is Clearly visible by observing the movement of the 
anvil base from ground level. 


After the concrete-lined foundation pit had been 
constructed and its concrete had set, a layer of 
granite dust was spread over the base of the pit toa 
depth of just over a foot. Shuttering for the 
interior block was then erected and strutted against 
the inside of the pit, this granite dust being removed 
after the concrete of the block had set (fig. 5). 

Sand can be used equally well for the purpose, 
and it is spread to the same height as the top of the 
unloaded spring units; the latter were enclosed in 
hardboard boxes, both the granite dust and the 
spring units having been covered with several layers 
of building paper in order to prevent seepage of 
concrete. After the shuttering had been struck, the 
granite dust was removed by compressed air and by 
raking from below the block; the hardboard boxes 
were then removed, the spring units were set in 
their correct positions, and the viscous dampers at 
the four corners were fitted after the block had set. 
This simple method of construction avoids the 
needless expense of horizontal shuttering for the base 
of the block, which would have to be removed after 
the setting of the concrete. 


There is a layer of timber 6 in. thick below the 
base of the anvil and this also has a resilient effect. 
The anvil is held down at its four corners by 
foundation bolts of T-headed removal type, set in 
pockets 5-in. square. Fig. 6 shows the top of the 
inertia block, with the eight holding-down bolts for 
the superstructure supporting the machinery set in 
position. The four pockets and foundation bolts 
for the anvil are shown in position within the anvil 


continued on page 78 
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Use of pure metal as constructional material 


WITH VANADIUM TUBES made to fine tolerances by 
a Birmingham firm for use as fuel element sheaths 
in the Dounreay fast fission reactor, this metallic 
element enters on one further chapter in its de- 
velopment. As alloying element and scavenger in 
the steel industry, and in one or two non-ferrous 
alloys with aluminium or with gold in dental 
alloys, vanadium metallurgy seemed to have be- 
come standardized. Comparable to its major use 
as ferro-vanadium in the metal field, appeared an 
equally important chemical application—vanadium 
oxide catalysts for sulphuric acid production and 
for use in preparing organic chemicals by air- 
oxidation in the vapour phase of intermediates. 
But now in this country and in the United States 
vanadium 2s pure metal has been the target of such 
firms as Armour Foundation Research, the West- 
inghouse Corporation and the Union Carbide and 
Carbon Corporation. 


History of the element 

Before reviewing this new phase in industrial 
vanadium, it is interesting to follow developments 
of an element which the eminent metallurgist 
Del Rio discovered in a lead ore from Zimapan 
and of which he abandoned further study on 
believing it only to be chromium. So it was left 
to the Swedish chemist Sefstrém to discover vana- 
dium in 1831, this after Wohler had also been led 
astray, and after Sefstrém’s students spilled his 
extract from a scoria left from malleable iron 
production. Vanadium history switched to Peru 
as regards workable deposits, this after Riaz Patron, 
a prospector, had found the first rich source of 
vanadium pentasulphide some 16,000 ft. up in the 
Andes. A smaller source has a British link; for 
‘roscoelite’ is named after Henry Roscoe, that 
Manchester professor who found vanadium asso- 
ciated with copper at Alderley Edge in Cheshire. 
Roscoe prepared pure vanadium compounds from 
this Cheshine mineral, the salts fetching £35 per 
ounce and the free metal being then unknown. 

Later the metal was prepared by Roscoe by 
reducing the dichloride in hydrogen in platinum 
vessels, the shining crystalline metallic mass with a 
silvery lustre being the subject of his paper before 
the Royal Society in 1869. This was evidently 
the first vanadium in a state of purity, since 
Berzelius had prepared the nitride rather than pure 


element as he thought. Moissan used his famous 
electric furnace in a vain effort to get the metal 
rather than a lower oxide which actually was 
obtained, while Goldschmidt’s aluminothermy pro- 
cess was of no avail since a lower oxide or free 
aluminium contaminated the product. 

By 1923 Hunter and Jones had prepared a 
moderate sample of vanadium metal, by reduction 
of vanadium chloride with sodium in a steel bomb 
—a reduction like that first used in the 1880s for 
aluminium production and also adapted in titanium 
production today. Yet the purest vanadium in 
this intensive research came 30 years ago when 
Marden and Rich, of the research department of 
the Westinghouse Company, used a bomb process 
in which vanadium oxide was reduced by calcium 
in the electric furnace, the metal in the form of 
ductile globules or shot being of 99-9°., purity. 


Reduction processes 

The calcium reduction process of the Westing- 
house Company gives an 85°, yield, by reducing 
to the trioxide and by final reduction in a hydrogen 
tube furnace, the operation being carried out in an 
argon atmosphere in a crucible with lime or mag- 
nesia lining. The residue is leached with acetic 
acid to leave van.dium powder, this being washed 
before compressing and sintering in vacuum within 
molybdenum tubes. 

Instead of calcium chloride as flux a technique 
for producing massive vanadium which is economic 
is McKechnie and Seybolt’s process, one in which 
iodine is added in the proportion of one-tenth 
molecular amount to each molecular proportion of 
vanadium produced. The heat of the initial 
reaction between the calcium and iodine sets going 
the main reduction, while calcium iodide in the 
slag enables the formation of the metal as a solid 
regulus. This use of iodine in vanadium metal- 
lurgy is distinct, of course, from Van Arkle’s 
* jodide process ’ in which vanadium iodide under- 
goes thermal decomposition on contact with a 
tungsten filament as in the process worked for 
highly pure titanium. Van Arkle’s method is, 
however, less suitable for vanadium than in the case 
of titanium; hence the Westinghouse calcium re- 
duction is far more practical and economic, yielding 
a metal sufficiently pure for investigating properties 
in practice. Specifications for the 99-9°,, product 
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include 0-05 to 0-12°,, oxygen, 0-001 to 0-04°,, 
hydrogen, 0-02 to 0-04°,, nitrogen, and 0-03 to 
0-07°,, carbon. 


Mechanical and working properties 


As with other metals of this type which are 
extracted in the form of a powder or particles, the 
technique of powder metallurgy is applied with full 
precautions for this element with such a high 
affinity for oxygen and nitrogen and which absorbs 
hydrogen. The Electro-metallurgy Division of 
Union Carbide and Carbon Corporation has pro- 
duced high-purity ductile metal by feeding vana- 
dium chips into an electric arc within an argon 
atmosphere, the vanadium being cast in water- 
cooled copper moulds. This arc technique yields 
what is styled ‘ massive vanadium,’ a crystalline 
product to be distinguished from ‘ ingot vanadium ’” 
and being of 99-9°,, purity. This ‘ massive’ form 
is suitable for hot-working with or without pro- 
tective sheaths or ‘cans,’ provided a protective 
atmosphere is maintained during rolling and ex- 
trusion. Of protective sheaths, it is stated that 
stainless steel is preferred since the hot-rolling 
properties match those of vanadium itself. 

Since the metal is one of the most recent to be 
produced in high purity for use per se instead of 
only as alloy, its mechanical and working properties 
have only been fully studied in the United States, 
notably by C. M. Brown of the Electro-metallurgical 
Company, who reported his results to the Electro- 
chemical Society at a meeting in April, 1953. 

Using as test material mixed samples of massive 
vanadium in which the effect of individual traces 
of other elements could not be observed, Brown 
found vanadium in the hot-rolled and annealed 
state to have a pronounced yield-point, the stress- 
strain curve being comparable to that of mild steel 
in contrast to the continuous curve of stainless 
steel for example. He found that oxygen and 
nitrogen have a more significant effect on properties 
than has carbon; hence the precautions in working 
only in inert atmospheres. The metal has a low 
tendency to work-harden and a considerable 
capacity to withstand heavy cold reduction without 
intermittent annealing. Brown reported on samples 
worked in a helium atmosphere and noted a sus- 
ceptibility of vanadium towards brittle fracture. 


A. B. Kinzel, also of the Electro-metallurgical 
Laboratories, was responsible for studying fabri- 
cating techniques such as re-melting vanadium 
buttons from the reduction process to give an 
ingot suitable for producing the required bar, sheet 
or foil of vanadium, the re-melting being carried 
out in water-cooled copper moulds using a tungsten 
arc within argon. Kinzel described vanadium as 
a free-cutting metal which machines well, good 
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results coming from techniques used for machining 
copper, the vanadium being rather like a free- 
cutting cold-rolled steel. Oxygen and nitrogen in 
solid solution increase the hardness and tensile 
strength though decreasing ductility as expected. 


In welding, first-rate results are reported when 
using a Heliarc torch with argon shielding. As 
regards cold working, although vanadium has a 
fairly high recrystallization temperature and cold 
working below this is sought after, it must be borne 
in mind that oxidation of the metal begins round 
about 300°C. and limits the range of operating 
temperatures. Vanadium strips have been cold- 
rolled to 0-02 in. ready for converting to springs, 
the negligible magnetic susceptibility and high 
flexural rigidity being desirable factors in applica- 
tion of vanadium for springs and other special 
uses. In all records of mechanical properties and 
fabricating techniques it is necessary to specify 
proportions of oxygen and nitrogen, with the 
standard pure metal being that obtained from the 
Van Arkle iodide process. 


Vanadium has come a long way since Del Rio 
noted its red salts and named it ‘ erythronium,’ yet 
missed the new element; or since Berzelius told 
sardonically of Woéhler missing the Swedish goddess 
Vanadis knocking at his door. Vanadium entered 
new fields when applied first as target metal in 
X-ray applications and then within recent months 
as sheaths for fuel elements in the atomic field. 
Increased development or application will depend 
on economic production of the metal from the 
carnotite deposits of Colorado and Utah, of a 
metal which is commoner than copper or nickel 
since it is eighth in order of abundance in the 
earth’s crust. 


Vibration-controlled hammer 
concluded from page 76 


recess. Heavy reinforcement has been incorporated 
in the inertia block. 


So far the trouble taken in preparing this founda- 
tion had been more than justified. It is important 
to realize that in all new works construction in the 
future there will surely arise many problems of 
vibration-controlled foundations. That we still 
have a long way to go in this field is evident, for it is 
still common practice in many forges to keep a 
large stock of piston rods and similar components 
in readiness for breakdowns which can be attributed 
only to the effects of vibration. This stock is worth 
many thousands of pounds and may be regarded as 
locked-up capital which makes no return to its 
owners. 
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Coil spring research 


A technical forum on springs and spring material was held 
by the Coil Spring Federation Research Organization at 
Rochdale last autumn. The following selected account of 
some of the proceedings deals especially with the use of 
titanium and special steels for spring making 


OPENING THE FORUM, the president, Mr. Robert Salter 
Bache, pointed out that research was not a pastime, it 
cost money and it involved work; the only justification 
for research was its value. There were a number of 
aspects of spring manufacture, involving materials, pro- 
cesses and properties about which very little was known. 
Their organization was designed to provide new infor- 
mation, but that could not be of any value unless it were 
utilized. The duty of the industry was to implement 
research by putting it to practical use. To that end it 
was important that each firm should have staff available 
who could test and apply the results of research in their 
own workshops. 


Mr. R. Haynes, director of research, acting as chairman, 
introduced the members of the panel: Mr. J. K. Bache, 
technical director, Geo. Salter & Co. Ltd.; Mr. F. 
Gartside, technical manager, Tempered Spring Co. Ltd.; 
Mr. J. A. Roberts, technical manager, Herbert Terry 
& Sons Ltd.; Mr. R. S. Roper, chief metallurgist, 
F. S. Ratcliffe (Rochdale) Ltd. 


Titanium 


Replying to Mr. A. V. Jobling, who asked if it was 
considered that titanium had any advantage over stainless 
steel, and did a low modulus of rigidity have any 
detrimental effect on spring design, Mr. Roberts pointed 
out that titanium was quite a new departure for spring 
materials; there had not been much used up to the 
present, but his own company had investigated I.C.I. 
314A alloy. Its advantages included extreme resistance 
to corrosion compared with austenitic stainless steels. 
The modulus of rigidity appeared to be of the same order 
as that of the austenitic steels, i.e. about 9-2 » 10* lb. sq.in. 
He expressed the view that much work had still to be 
carried out. 


Mr. Gartside said that not many springs had so far 
been manufactured from titanium, but the fact that the 
modulus of rigidity was lower than that of steel would 
mean that from the design aspect it could affect such 
things as natural frequency of the spring. Mr. J. Bache 
added that the natural frequency would not only be 
affected by the fact that the modulus was lower, but also 
by the lower density. 


Mr. Haynes remarked that his own experience had 
been with 318A alloy which was hard drawn as against 
the heat-treated 314A material used by Mr. Roberts. 
The rigidity modulus for the former was in the region 
of 6 < 10* Ib./sq.in. In general engineering, high- 
modulus materials were desirable in order to give rigidity 
to structures, but in the case of springs low rigidity was 
an advantage since less material was needed for a given 
deflection. This, coupled with a lower density, was 
a weight-saving factor of advantage to the aircraft industry. 
Dr. R. Genders thought titanium, having high elastic 
properties, would be of great use in the future for the 
manufacture of springs. Mr. Roberts warned that, 
though a saving in weight was obtained by reducing the 
number of coils and by the lower density, due to the 
latter, one would have to increase the wire size to combat 
the lower natural frequency. 
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Standard specifications 


A query regarding the British Standard Specifications 
for spring wire was raised by Mr. R. S. Brown, who 
asked whether springmakers considered these —e 
if so, why were they not more frequently used ? In 
explanation the president said one reason was that the 
spring user seldom quoted B.S. specifications and the 
springmaker had to order wire to the specification required 
by the customer. The setting of standards for springs in 
1940, claimed Mr. Gartside, represented a great stride in 
the progress of the spring industry, but, due to loopholes 
revealed since then, the specifications were now 
inadequate. The CSFRO, stated Mr. Haynes, were 
issuing a book containing all the specifications dealing 
with springs and spring materials and there would also be 
one or two relevant foreign specifications included. 


Spring steels 


To a question by Mr. Swiffen, asking whether patented 
steel wire would have to be replaced by alloy steel in the 
manufacture of valve springs for internal combustion 
engines where the tendency to increase operating speeds 
subjected the springs to much higher temperatures than 
before, Mr. Gartside replied that springmakers were 
depending on wire manufacturerers to supply them with 
a material having high elastic, fatigue and stress relaxation 
properties, but there were other factors involved such as 
questions of design. A 3"°,., chrome-vanadium alloy steel 
was being used for the application mentioned and perhaps 
an even higher alloy would be needed. In his view, 
said the president, the question appeared to be un- 
answerable at this stage, but their research organization 
were always looking for unusual properties in any new 
materials. It was hoped this question would be resolved 
in due course, but the circumstances were constantly 
changing. 

Mr. Roberts pointed out that as engine speed increased 
valve spring temperature also increased, the limit being 
decided by the natural frequency of the spring, which 
in turn depended upon the limit of proportionality of the 
material. Alloy steels had been used to overcome this 
difficulty, and heat-stabilized springs had also been 
produced. Mr. Bache felt that the limitation was 
on the fatigue properties rather than on the limit of 
proportionality. 


Stating that springs were made in America and on the 
Continent from pre-tempered wire but in this country 
from hard-drawn patented steel wire, Mr. Brown asked 
if the panel thought there would be a change-over to 
making springs in pre-tempered wire. That question, 
said Mr. Gartside, was for the wire drawers to decide. 
He had found that, where oil-tempered or pre-tempered 
wire had been used for the class of surface desired, he 
could not obtain consistent wire to give the same fatigue 
properties at the same price. 


Commenting on the quality of oil-tempered wire, 
Mr. Litchfield said he was amazed to find that in con- 
nection with some deliveries the elementary precautions 
when forming had not been taken and that the material 
was softer than before it was formed. Nevertheless, the 
demand for oil-tempered wire was increasing. Mr. Bache 
thought the continued use of patented steel wire made in 
Britain was due to the material being better than wire 
patented in the U.S.A. or on the Continent. 


Dr. Genders pointed out that pre-tempered wire was 
very susceptible to hydrogen embrittlement both from 

lating and from the corrosion of an unprotected spring. 

his was in agreement with the general rule that hydrogen 
embrittlement increased with increasing carbon and 
hardness. 
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BOOKS 


Effects of surface on the behaviour of metals 


Lectures delivered at the Institution of Metallurgists’ 
Refresher Course 1957. Published for the Institution by 
lliffe & Sons Ltd. 


THIS BOOK contains four lectures given at the course: 
* Methods of preparation and examination of surfaces,’ 
by G. L. J. Bailey; ‘ Influence of surface treatments on 
the chemical behaviour of metals,’ by P. Hoar; 

’ Relationship between surface condition, friction and 
wear,’ by F. T. Barwell; and ‘ Influence of surface on 
the physical properties of metals,’ by R. W. B. Stephens. 

The first paper goes further than its title implies, since 
it discusses at some length both the shape of surfaces as 
affected by surface tension and crystal orientation and 
the structure of abraded and polished surfaces. It con- 
tains also useful short descriptions of the methods of 
studying surfaces such as field-emission microscopy and 
electron-probe micro-analysis. 

The second and third papers are useful reviews on 
their subjects which will serve as introductions to them. 
The fourth lecture covers an extremely wide field and 
naturally can only deal very superficially with each aspect 
of it, but again is a useful introduction. However, 
anyone using the bibliography as a course of study will 
have to work hard, since it lists among other items 
12 books which from the reviewer’s recollection contain 
over 4,000 pages between them, very few of which are 
easy reading. The reviewer has slight doubts whether 
there is a justification for the publication of lectures 
such as these which are not complete reviews of their 
subjects, such as are to be found in Chalmer’s volumes 
on ‘ The progress of metal physics’ or Gomer and 
Smith’s ‘ Structure and properties of solid surfaces.’ 


J. H. RENDALL 


The chemistry and metallurgy of titanium 
production 

By J. J. Gray and A. Carter. Royal Institute of Chemistry 
Lectures, Monographs and Reports 1958, No. 1. 

THIS IS A BOOKLET of 56 pages which provides a very 
useful introduction to the production of titanium. It is 
well written and clearly printed and unlike many mono- 
graphs is easy and interesting to read, and is illustrated 
by clear and ‘relevant diagrams. The section * Research 
on new extraction processes’ is particularly noteworthy 
since not only are the suggested processes neatly sum- 
marized but at the end of the description of each related 
group of processes the authors give their views on the 
present status and future chances of success. 

In short, this monograph can be strongly recommended 
to anyone needing a short description of the production 
of titanium. Students who have studied it carefully 
should face examination questions on the production of 
titanium with easy confidence. 

J. H. RENDALL 


Noble metal thermocouples 


A second edition of ‘ Noble Metal Thermocouples,’ by 
H. E. Bennett, F.1.M., has been published this month 
by Johnson Matthey & Co. Ltd. The contents give 


a comprehensive survey of the development of noble 
metal thermocouples, their applications and methods of 
calibration. The properties of the platinum group 
metals and their alloys in relation to the problem of 
temperature measurement are discussed, and information 
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is given on the principal causes of deterioration of thermo- 
couples. Two new sections have been added to the book, 
* Temperature measurement in glass manufacture’ and 
Temperature measurement in the foundry.’ 
The book is available free on application to the publicity 
department at the company’s head office at 73-83 Hatton 
Garden, E.C.1 


Bending aluminium 

The latest information bulletin (No. 24) by the Aluminium 
Development Association is in the subject of * Bending 
aluminium.’ The bulletin, which is addressed mainly to 
production engineers, designers, draughtsmen, works 
managers and foremen, is intended also to be of help to 
operators and apprentices. Its scope includes the mor 

usual bending operations, but it excludes stretch forming 
or stretch bending) and does not deal with the more 
unusual bending techniques necessary for making special 
components. 


Torsion bars 

The design, manufacture, and application of torsion bars 
forms the subject of a recent 23-page publication of the 
English Steel Corporation Ltd. The booklet is well 
produced and gives admirably clear design data and 
standard specifications tables. 


Materials property index 

Materials Data Ltd., of 273 Farnborough Road, 
Farnborough, Hants., announce that their service has 
now been modified in face of demand and that they are 
arranging to publish at frequent intervals lists of materials 
arranged in order of property or merit index. Merit 
indices include those familiar to the aircraft designer, 
e.g. density strength, density stiffness, others less familiar, 
e.g. volume cost strength, volume cost thermal conduc- 
tivity, thermal conductivity strength. 

These listed indices are of great value for rapid design 
selection and in fact materials do not appear always in 
the order that one would expect, e.g. calculations show 
that beryllium metal is twice as good as copper for 
conducting electricity at minimum weight. The calcula- 
tion of the indices was carried out on an electronic com- 
puter. Results of the first survey are being published in 
three parts as follows: Part I—Mainly mechanical pro- 
perties; Part Il—Mainly thermal and electrical proper- 
ties; and Part I1I—Thermal, electrical, mechanical 
ratios, t.e. mixed indices. 

Every material listed includes the name and telephone 
number of the supplier. The fee for belonging to the 
Materials Data Centre is fixed for the coming twelve 
months at £7 7s. Od. and includes the distribution of 
these publications and all other facilities of the Centre. 


Degreasing plant 

A new leaflet (MD /T 7), ‘ Trichloroethylene degreasing 
plant type E,’ has been issued by I.C.I1. Ltd. This 
company has for many years been producing a standard 
range of open-topped metal degreasing plants operating 
on trichloroethylene, and has also produced to special 
order enclosed plants equipped for mechanical handling 
of the work during the degreasing cycle. 

The object of the leaflet is to introduce a standard 
range of totally enclosed mechanized plants. The work 
handling capacity of the new plants and the choice of 
treatments available is sufficiently flexible to enable them 
to deal with a wide variety of industrial metal degreasing 
problems. 
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Library and translation services 


Russian translations 


THE DEPARTMENT of Scientific and Industrial Research’s 
Lending Library Unit is introducing a new publication 
under the title The L.L.U. Translations Bulletin. It aims 
to provide British scientists and engineers, who are 
anxious to have details of current U.S.S.R. research, 
with up-to-date information on the availability of Russian 
translations. The L.L.U. Translations Bulletin is pub- 
lished for D.S.I.R. by H.M.S.O., price 4s. (4s. 5d. by 
post). The annual subscription is {2 13s. Od. (including 
postage). It is published monthly, the first issue being 
January. 

The bulletin contains lists of books, journals and other 
scientific papers which are now available or which are 
being translated and will become available in the near 
future. One section deals with cover-to-cover trans- 
lations—a scheme for providing a complete Russian 
technical journal in the English language—and another 
gives details of the work being carried out by the National 
Science Foundation in the United States, with whom the 
L.L.U. collaborates in this translation scheme. Many 
translations from America are held in London on micro- 
film and photo-copies may be borrowed. The bulletin 
also contains articles on new scientific developments in 
Russia. These can be followed up in detail with the aid 
of L.L.U.’s comprehensive collection of Russian scientific 
literature. 


It is contemplated that in the future the bulletin will 
cover other language translations. 


The Iron and Steel Institute. A translation of any 
article on iron and steel manufacture in the foreign 
technical press can now be provided at a fraction of the 
translating cost, provided that three requests for it are 
received by the British Iron and Steel Industry Trans- 
lation Service. This service is run by the Iron and 
Steel Institute with the collaboration of several large com- 
panies and of the British Iron and Steel Research Associa- 
tion. Some 530 translations are already available, a large 
proportion of them from German or Russian. 


A complete list of the first year’s translations, classified 
by subject, is now available; it is kept up to date by 
fortnightly lists (with classified cumulations every six 
weeks). Enquiries are welcomed and should be addressed 
to the British Iron and Steel Industry Translation Service, 
the Iron and Steel Institute, 4 Grosvenor Gardens, 
London, S.W.1. 


The British Welding Research Association is undertaking 
the cover-to-cover translation from the Russian of 
Avtomaticheskaya Svarka (automatic welding). This 
will start with the January 1959 number, which is expected 
to be distributed in translation to subscribers in May or 
late April. 


Avtomaticheskaya Svarka is the only monthly journal 
in any language with the title ‘Automatic Welding,’ though 
it is fair to say that the title is not absolutely descriptive 
except in so far as manual techniques are not emphasized. 
Equipment and methods of welding are dealt with, as 
well as metallurgy, the strength of welded work generally, 
and fatigue testing. 


The psir translation programme is planned in con- 
junction with a similar programme in the U.S.A. so that 
the two shall not overlap, and the maximum of infor- 
mation will thus become available in English. BWRA 
has arranged for the August 1958 number to be translated 
as a specimen, and this will shortly be available on loan 


to anyone who writes to 29 Park Crescent. The sub- 
scription price will be £10 10s. Od. for the 12 issues of 
1959. 


National Lending Library for Science and 
Technology 

THE DEPARTMENT of Scientific and Industrial Research 
will take over part of the former Royal Ordnance factory 
at Thorp Arch, near Boston Spa, Yorks., for the use of 
the new National Lending Library for Science and Tech- 
nology. Present proposals indicate that the library will 
begin operating at Thorp Arch in 1961 and become fully 
operational during the following year. Existing large 
single-storey buildings will be converted into offices and 
book stores, and the site provides adequate room for 
expansion in the future. 

The new library—the nucleus of which already exists 
in the D.S.I.R. Lending Library Unit now at Chester 
Terrace, Regent’s Park, London—will cover all subjects 
in science and technology, except for some fields of 
medicine. It will take over the responsibility for the 
lending service now provided by the Science Museum 
Library, which in future will concentrate on serving the 
needs of the enlarged Imperial College of Science and 
Technology. It is also taking over some of the literature 
now held by the Science Museum Library. 


The present Lending Library Unit has been collecting 
literature for the National Library since 1957. It already 
operates a loan service for Russian literature which is 
being progressively extended to cover publications from 
other countries. Eventually, much of the scientific and 
technological literature in the world will be included in 
this collection, to make it the most comprehensive of 
its kind in the United Kingdom. 


The new library in Yorkshire will make its unique 
collection available to research, industrial, educational 
and other organizations by loans and photographic 
reproduction. Its primary objective will be to encourage 
the greater use of scientific and technical literature. One 
important activity will be the expansion of work on the 
translation of Russian scientific literature, now organized 
by the Lending Library Unit in collaboration with the 
National Science Foundation in the United States. 


Platinum laboratory apparatus 


Johnson Matthey & Co. Ltd. have produced a new 
publication, * 1700—Platinum Laboratory Apparatus,’ 
that revises and combines the earlier booklets 1710 and 
1720. This publication makes a comprehensive survey 
of the platinum laboratory apparatus and electrodes in 
the JMC range and includes useful advice on care and 
maintenance. 


The booklet is available on application to the publicity 
department at the company’s head office at 73-83 Hatton 
Garden, E.C.1. 


METAL TREATMENT INDEX 
Volume 25, January to December, 1958 
Copies of the Index for 1958 are available on applica- 


tion to the Publisher, Industrial Newspapers Ltd., John 
Adam House, 17-19 John Adam Street, London, W.C.2. 
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PEOPLE 


IN THE New YEAR Honours List, Field-Marshal Earl 
Alexander of Tunis, K.G., chairman of the Northern 
Aluminium Co., has been appointed to the Order of 
Merit, and Mr. 's. E. Clotworthy, managing director of 
the company, has been appointed C.B.E£. 


Lord Alexander was elected to the board of directors 
of Aluminium Ltd. in 1955 and to the chairmanship of 
its subsidiary, Northern Aluminium Co. Ltd., in 1957. 


Mr. Clétworthy has been Northern Aluminium Co.’s 
managing director since April 1957. Joining the company 
in 1927 as a sales engineer in the electrical field, he has 
been actively concerned with the growth of the company 
for over 30 years. He became sales development engineer 
in 1936 and assistant sales manager the following year. 
On the outbreak of war he was appointed to the Air 
Ministry and later the Ministry of Aircraft Production, 
first as Deputy Director of Sheet and Strip and then as 
Deputy Controller of Light Metals Production. From 
1942 to 1946 he was general operating superintendent of 
the company, during which one of his most important 
responsibilities was the establishment of Rogerstone 
Works, and in 1946 he became general sales manager 
and was appointed to the board of directors. 


fr. S. E. Clotworthy 





Mr. Clotworthy is president of the Aluminium Develop- 
ment Association and has served as chairman of the 
Sales and Export Committee of the Aluminium Industry 
Council and on the Council of the Society of British 
Aircraft Constructors. He is also a member of the 
Institution of Electrical Engineers and of the Institute of 
Metals, and is a Fellow of the Royal Aeronautical Society. 


Mr. K. D. Morgan has joined the staff of Head 
Wrightson & Co. Ltd. as a sales representative for iron 
and steel castings and forgings. Mr. Morgan will be 
based in the London office at 20 Buckingham Gate, S.W.1. 


Sir John Wrightson, Bart., vice-chairman and managing 
director of Head Wrightson & Co. Ltd., made a presenta- 
tion to Mr. F. J. Walker in London recently to mark 
his retirement as a director of Head Wrightson Alu- 
minium Ltd. after over 50 years’ service with the company. 

Mr. Walker joined Head Wrightson in 1904 as a drawing- 
office apprentice. After service in the 1914-18 war he 
commenced work in the company’s design office, and in 
1936 became chief draughtsman at the Teesdale Works. 
During the second world war Mr. Walker was engaged 
on the design of tank landing craft and Pluto drums. In 
1945 he took out a patent for welded dock gates and 
negotiated contracts for the Calais gates, and Head 
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Wrightson are today among the leading suppliers to the 
dock and harbour industry. 

More recently Mr. Walker has been actively engaged 
in the design and fabrication of light alloy structures, and 
was concerned with the first aluminium alloy Bascule 
bridges in the world at Hendon Dock, Sunderland, and 
at Aberdeen. 


Mr. G. D. Elliot, 0.8.£., has been appointed deputy 
general works manager of Appleby-Frodingham Steel 
Co., a branch of the United Steel Companies Ltd. He 
succeeds Mr. J. D. Joy as general works manager on 


April 1. Mr. Joy becomes deputy general manager of 


the company on January 1. 

Mr. Elliot, one of the world’s leading authorities on 
iron making, has been works manager (iron) at Appleby- 
Frodingham since 1948. He was awarded the Williams 
Prize of the Iron and Steel Institute in 1943, and the Sir 
Robert Hadfield Medal in 1950. He became an 0.B.E. 
in 1955. 


A. R. Woodward, B.SC., A.F.R.AE.S., has been appointed 
head of the Joining Division of the Development Depart- 
ment at Aluminium Laboratories Ltd., Banbury. He 
will be responsible for the investigation and development 


Mr. A. R. Woodward 





of all methods of joining aluminium, with particuiar 
reference to welding. Mr. Woodward, who was educated 
at King Edward VI School, Stourbridge, and Birmingham 
University, joined Aluminium Laboratories Ltd. in 1948 
as a research investigator and worked for a number of 
years on the mechanical properties of aluminium, includ- 
ing fatigue. 
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NEWS 


METALLIC SURFACE TREATMENT 


JUST OVER two years ago, Metallic Surfaces Research 
Laboratories Ltd. was founded. The firm specializes in 
surface treatments of metals and other engineering 
materials, more particularly in non-electrolytic methods 
of protecting surfaces, and a consulting and research 
organization for these processes was set up in premises 
on the first floor of the Market House, at Uxbridge, 
Middlesex. 


During these first two years, research has been carried 
out on the protection of materials against oxidation at 
elevated temperatures, corrosion-resistant coatings for 
ultra-high tensile steels, fundamental investigation of 
metallic diffusion under high-frequency heating con- 
ditions, and in various other projects sponsored by 
private industrial concerns. 


In addition, effort has been devoted to the development 
of commercial metallic diffusion processes such as 
chromizing, siliconizing, and alloy coatings. A sub- 
sidiary company, Metallic Surface Developments Ltd., 
has been formed to provide a licensing medium and 
technical service for users of the processes evolved by 
the research unit 


Heat treatment 


The largest section of the laboratories at the Uxbridge 
company deals with heat treatment and processing. It 
incorporates conventional heat-treatment furnaces: gas 
oven, salt-bath furnace, atmosphere-controlled tube 
furnaces, etc. 


The experimental processing benches are equipped 
with horizontal electric tube furnaces and miniature 
retorts which can be operated at atmospheric pressure or 
with vacuum pumping equipment. A modern vacuum 
deposition unit has now been installed, capable of deposit- 
ing metals by evaporation or sputtering under high 
vacuum. The apparatus is to be fitted with internal 


heating devices and with a furnace for vacuum melting. 

A 3-kW. high-frequency heating unit is operating and 
is used for fundamental research on metallic diffusion 
and also in conjunction with forging equipment for the 
development of lubricant and protective coatings for the 
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deformation of some metals and alloys at high tem- 
peratures. Finally, a complete pilot-plant and demon- 
stration unit has been installed for metallic diffusion 
processes, including improved methods of chromizing, 
etc. The thermostatically-controlled, electrically heated 
plant has a retort capacity of approximately 20 in. = 15 in. 

9 in. and includes all the patented features available 
for full-scale commercial operation. 


Diffusion coatings 


Diffusion coatings are now being used on an increasing 
scale in modern engineering, especially in the fields of gas 
and jet turbines, and in nuclear engineering, where 
materials that adequately combine strength in the mass 
and chemical stability at the surface are required. The 
continuous, unstrippable coating that can be obtained 
by the diffusion process on a wide range of metals allows 
the designer to select a material having the most suitable 
physical properties for the application required, and then 
to protect its surface against corrosion, oxidation, and 
wear. 


To achieve diffusion of most elements into metals by 
surface reaction, the energy required by the process can 
be conveniently provided by heat, and most diffusion 
methods are carried out at comparatively high tempera- 
tures. The diffusion mechanism is a physical effect 
depending upon the concentration of the diffusing metal 
at the surface of the metal to be treated, and upon time 
and temperature; the coatings can be obtained in a 
number of ways. depending upon the method chosen for 
applying the diffusing metal to the surface. 


The process consists of two stages: surface reaction or 
deposition; and diffusion. As an example, zinc applied 
to a steel surface by any of the well-known methods can 
be heated to a suitable temperature in a non-oxidizing 
atmosphere to form an alloy coating on the steel. The 
two stages of the process can be combined by heating 
the steel workpiece in contact with zinc powder and 
a diluent, when a similar diffusion coating to the first 
can be obtained. A widely used method of deposition 
and diffusion is based on the reaction of a halide of the 
diffusing metal on the solvent metal at elevated tem- 


Wild-Barfield 3-kW.., 
high-frequency heating unit used 
in the heat-treatment laboratory 
at Uxbridge 
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IN THE NEW YEAR Honours List, Field-Marshal Earl 
Alexander of Tunis, K.G., chairman of the Northern 
Aluminium Co., has been appointed to the Order of 
Merit, and Mr. S. E. Clotworthy, managing director of 
the company, has been appointed C.B.E£. 


Lord Alexander was elected to the board of directors 
of Aluminium Ltd. in 1955 and to the chairmanship of 
its subsidiary, Northern Aluminium Co. Ltd., in 1957. 


Mr. Clotworthy has been Northern Aluminium Co.’s 
managing director since April 1957. Joining the company 
in 1927 as a sales engineer in the electrical field, he has 
been actively concerned with the growth of the company 
for over 30 years. He became sales development engineer 
in 1936 and assistant sales manager the following year. 
On the outbreak of war he was appointed to the Air 
Ministry and later the Ministry of Aircraft Production, 
first as Deputy Director of Sheet and Strip and then as 
Deputy Controller of Light Metals Production. From 
1942 to 1946 he was general operating superintendent of 
the company, during which one of his most important 
responsibilities was the establishment of Rogerstone 
Works, and in 1946 he became general sales manager 
and was appointed to the board of directors. 


Mr. S. E. Clotworthy 


Mr. Clotworthy is president of the Aluminium Develop- 
ment Association and has served as chairman of the 
Sales and Export Committee of the Aluminium Industry 
Council and on the Council of the Society of British 
Aircraft Constructors. He is also a member of the 
Institution of Electrical Engineers and of the Institute of 
Metals, and is a Fellow of the Royal Aeronautical Society. 


Mr. K. D. Morgan has joined the staff of Head 
Wrightson & Co. Ltd. as a sales representative for iron 
and steel castings and forgings. Mr. Morgan will be 
based in the London office at 20 Buckingham Gate, S.W.1. 


Sir John Wrightson, Bart., vice-chairman and managing 
director of Head Wrightson & Co. Ltd., made a presenta- 
tion to Mr. F. J. Walker in London recently to mark 
his retirement as a director of Head Wrightson Alu- 
minium Ltd. after over 50 years’ service with the company. 

Mr. Walker joined Head Wrightson in 1904 as a drawing- 
office apprentice. After service in the 1914-18 war he 
commenced work in the company’s design office, and in 
1936 became chief draughtsman at the Teesdale Works. 
During the second world war Mr. Walker was engaged 
on the design of tank landing craft and Pluto drums. In 
1945 he took out a patent for welded dock gates and 
negotiated contracts for the Calais gates, and Head 
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Wrightson are today among the leading suppliers to the 
dock and harbour industry. 

More recently Mr. Walker has been actively engaged 
in the design and fabrication of light alloy structures, and 
was concerned with the first aluminium alloy Bascule 
bridges in the world at Hendon Dock, Sunderland, and 
at Aberdeen. 


Mr. G. D. Elliot, 0.B.£., has been appointed deputy 
general works manager of Appleby-Frodingham Steel 
Co., a branch of the United Steel Companies Ltd. He 
succeeds Mr. J. D. Joy as general works manager on 
April 1. Mr. Joy becomes deputy general manager of 
the company on January 1. 

Mr. Elliot, one of the world’s leading authorities on 
iron making, has been works manager (iron) at Appleby- 
Frodingham since 1948. He was awarded the Williams 
Prize of the Iron and Steel Institute in 1943, and the Sir 
Robert Hadfield Medal in 1950. He became an 0.B.E. 
in 1955. 


A. R. Woodward, B.SC., A.F.R.AE.S., has been appointed 
head of the Joining Division of the Development Depart- 
ment at Aluminium Laboratories Ltd., Banbury. He 
will be responsible for the investigation and development 


Mr. A. R. Woodward 





of all methods of joining aluminium, with particular 
reference to welding. Mr. Woodward, who was educated 
at King Edward VI School, Stourbridge, and Birmingham 
University, joined Aluminium Laboratories Ltd. in 1948 
as a research investigator and worked for a number of 
years on the mechanical properties of aluminium, includ- 
ing fatigue. 
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METALLIC SURFACE TREATMENT 


JUST OVER two years ago, Metallic Surfaces Research 
Laboratories Ltd. was founded. The firm specializes in 
surface treatments of metals and other engineering 
materials, more particularly in non-electrolytic methods 
of protecting surfaces, and a consulting and research 
organization for these processes was set up in premises 
on the first floor of the Market House, at Uxbridge, 
Middlesex. 


During these first two years, research has been carried 
out on the protection of materials against oxidation at 
elevated temperatures, corrosion-resistant coatings for 
ultra-high tensile steels, fundamental investigation of 
metallic diffusion under high-frequency heating con- 
ditions, and in various other projects sponsored by 
private industrial concerns. 


In addition, effort has been devoted to the development 
of commercial metallic diffusion processes such as 
chromizing, siliconizing, and alloy coatings. A sub- 
sidiary company, Metallic Surface Developments Ltd., 
has been formed to provide a licensing medium and 
technical service for users of the processes evolved by 
the research unit. 


Heat treatment 


The largest section of the laboratories at the Uxbridge 
company deals with heat treatment and processing. It 
incorporates conventional heat-treatment furnaces: gas 
oven, salt-bath furnace, atmosphere-controlled tube 
furnaces, etc. 


The experimental processing benches are equipped 
with horizontal electric tube furnaces and miniature 
retorts which can be operated at atmospheric pressure or 
with vacuum pumping equipment. A modern vacuum 
deposition unit has now been installed, capable of deposit- 
ing metals by evaporation or sputtering under high 
vacuum, The apparatus is to be fitted with internal 


heating devices and with a furnace for vacuum melting. 

A 3-kW. high-frequency heating unit is operating and 
is used for fundamental research on metallic diffusion 
and also in conjunction with forging equipment for the 
development of lubricant and protective coatings for the 
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deformation of some metals and alloys at high tem- 
peratures. Finally, a complete pilot-plant and demon- 
stration unit has been installed for metallic diffusion 
processes, including improved methods of chromizing, 
etc. The thermostatically-controlled, electrically heated 
plant has a retort capacity of approximately 20 in. x 15 in. 

9 in. and includes all the patented features available 
for full-scale commercial operation. 


Diffusion coatings 


Diffusion coatings are now being used on an increasing 
scale in modern engineering, especially in the fields of gas 
and jet turbines, and in nuclear engineering, where 
materials that adequately combine strength in the mass 
and chemical stability at the surface are required. The 
continuous, unstrippable coating that can be obtained 
by the diffusion process on a wide range of metals allows 
the designer to select a material having the most suitable 
physical properties for the application required, and then 
to protect its surface against corrosion, oxidation, and 
wear. 


To achieve diffusion of most elements into metals by 
surface reaction, the energy required by the process can 
be conveniently provided by heat, and most diffusion 
methods are carried out at comparatively high tempera- 
tures. The diffusion mechanism is a physical effect 
depending upon the concentration of the diffusing metal 
at the surface of the metal to be treated, and upon time 
and temperature; the coatings can be obtained in a 
number of ways. depending upon the method chosen for 
applying the diffusing metal to the surface. 


The process consists of two stages: surface reaction or 
deposition; and diffusion. As an example, zinc applied 
to a steel surface by any of the well-known methods can 
be heated to a suitable temperature in a non-oxidizing 
atmosphere to form an alloy coating on the steel. The 
two stages of the process can be combined by heating 
the steel workpiece in contact with zinc powder and 
a diluent, when a similar diffusion coating to the first 
can be obtained. A widely used method of deposition 
and diffusion is based on the reaction of a halide of the 
diffusing metal on the solvent metal at elevated tem- 
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perature, and a typical example of this method is 
chromizing. 

The hardness of chromized coatings can vary from 
200 VPN for iron or low-carbon steels to 1500 — 1800 
VPN on high-carbon steels. Coatings obtained with 
low-carbon steel have good ductility and can be subjected 
to mechanical deformation Such as rolling and pressing, 
so that sheet steel blanks can be chromized before forming 
operations are undertaken. Chromized steel can be 
welded, preferably using austenitic stainless steel welding 
rods with arc or gas welding, although spot and resistance 
welding can also be used. The chromized coating of 


a low-carbon steel is a high-chromium ferritic iron of 


average 22— 25”,, chromium. The surface concentration 
of chromium is higher, nearer to 50°,,, so that the be- 
haviour of such coatings, particularly to dry corrosion, 
is usually better than an average chromium stainless iron. 
The selection of a special steel, such as titanium-stabilized 
low-carbon steel, improves considerably the resistance to 
wet corrosion. 


Aluminium diffusion (calorizing) can also be obtained 
by heating the parts in contact with a compound contain- 
ing powder aluminium, a refractory filler and a small 
propertion of ammonium chloride in a rotary retort. 
A treatment of 4 — 6 h. at 850 — 900°C. produces 
a coating of 0-002 — 0-005 in. containing about 60 
aluminium. Its major industrial value is in providing 
a surface coating having a high resistance to thermal 
oxidation and to thermal corrosion in the presence of 
sulphur-bearing gases. It is not used for corrosion 
prevention. Usually, only finished articles can be 
calorized, since the coating is not really ductile, and one 
typical application would be for bolts for high-temperature 
use. 


Mobile demonstration unit to show new test 
equipment 


New additions to the range of Kelvin Hughes ultrasonic 
flaw detection equipment are being displayed in the 
company’s mobile demonstration unit which is touring 
industrial areas throughout the U.K. The tour is 
designed to show industry the latest developments and 
facilities available in the techniques of ultrasonic flaw 
detection and high-frequency recording. 


Dynamo pioneer 
A new and permanent exhibition of electrical equipment, 
which has been staged in Norwich by Laurence Scott 
& Electromotors Ltd., recalls the early pioneering work 
of Mr. W. H. Scott, who founded the company 75 
years ago 

In 1883 the electrical industry was barely out of the 
embryonic stage, but Mr. Scott, who was working for 
one of the early electrical contracting firms, had sufficient 
vision to realize the possibilities that lay ahead for elec- 
trical motive power and confidence in his own ability to 
make better dynamos than those of foreign manufacture 
he was installing for his firm. 


Almost single-handed he rented premises im the ancient 
cathedral city of Norwich and so launched i venture that 
has grown in three-quarters of a century iuto a company 
owning three large factories and employing some 3,000 
men in Norwich, with another large works in Manchester 
where the smaller standard industrial machines are 
produced. 


In order to show the firm’s products under working 
conditions, part of the company’s premises has been set 
aside for working exhibits, divided principally into two 
sections—variable speed drives and electrical equipment 
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used to drive auxiliaries in ships, the marine equipment 
being arranged to represent a small ship’s engine room. 
Those interested in visiting the exhibition should contact 
the nearest branch of the company, or its publicity 
department at Manfield House, 376 Strand, London, 
W.c2 


Flame-hardening conference 


A flame-hardening conference at Essen is being organized 
by Firma Paul Ferd. Peddinghaus, of Gevelsberg, West 
Germany, on March 16-17. Papers on the following 
subjects are included. 


Dr. Rose, of Max.-Planck-Institut, Diisseldorf, reports 
on major research in ascertaining the influence of heating 
and quenching conditions related to the depth of harden- 
ing of cold steel rolls. Mr. Braun, engineer at Eisenwerk 
Roth Erde, of Dortmund, will speak on the surface 
hardening of track links. Dr. Fischer, manager of the 
hardening department of Hanomag, Hanover, will speak 
about the flame-hardening of tractor chain links. Prof. 
Nessius, of the School of Engineering, Strasbourg, and 
the Société Alsacienne de Graffenstaden, will lecture on 
the hardening of large cast-iron gears. Prof. Matting, 
of Technische Hochschule, Hanover, will speak on the 
hardening of stainless steel, especially relating to the 
manufacture of high-pressure valves for superheated 
steam. Prof. Patterson, of Aachen, will give a paper 
relating to the surface hardening of blackheart malleable 
cast iron. M. Francois Durand, of Paris, will speak on 
tests carried out on the wear of worms. Mr. Rossner, 
of Peddinghaus, will report on the flame-hardening of 
die blocks and press tools and the experiente gained by 
the Deutsche Bremsbandwerke at Nienburg, Volks- 
wagenwerk at Wolfsburg, and also by Peddinghaus. 
Prof. Buhler, of Hamburg-Geesthacht, will speak on the 
internal stresses set up in components by flame-hardening. 
Dr. H. W. Grénegress, of Peddinghaus, will speak on 
a new source of energy for surface hardening. 


Powder metallurgy 


The next meeting of the Powder Metallurgy Joint Group 
of the Iron and Steel Institute and the Institute of Metals 
has been postponed from March 12 until April 29. The 
meeting will be held at Church House, Great Smith 
Street, Westminster, S.W.1, at 9.30 a.m. and will! consist 
of the presentation and discussion of a series of papers 
on ‘ Theoretical aspects of sintering.’ 


Annealing furnaces for Argentina 


Delivery has just begun of more than half a million 
pounds’ worth of annealing equipment for the new 
steelworks of Sociedad Mixta Siderurgia Argentina 
SOMISA) at San Nicolas, near Rosario, Argentina. All 
the furnaces for the annealing shop, which is over 350 ft. 
long and 100 ft. wide, are being supplied by the Incan- 
descent Heat Co. Ltd., Smethwick, as packaged units, 
completely assembled in England and shipped ready for 
immediate operation in Argentina. The plant will anneal 
more than 300,000 tons of steel a year. 


G.E.C. in vacuum furnace alliance 


The General Electric Co. Ltd. announces that an agree- 
ment has been reached with Vacuum Industrial Applica- 
tions Ltd., of Wishaw, Scotland, which combines the 
considerable resources of the two companies in the 
vacuum heating field for the development of vacuum 
heating techniques and the design and manufacture of 
complete vacuum furnace installations. Under the terms 
of the agreement enquiries will be handled by the General 
Electric Co. Ltd. 
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NEW PLANT 


Electrically-heated gas-carburizing furnace 


To meet requirements for small-scale production and 
laboratory research in gas carburizing previous to large- 
scale production runs, Royce Electric Furnaces Ltd. have 
developed a small electrically-heated gas-carburizing 
furnace having a work space of 10 in. diam. by 12 in. high. 

The furnace is rated at 18 kW. nominally, and is 
suitable for a maximum temperature of 1,050°C. The 
unit, although designed for heavy industrial use in a 
production line, is also suitable for a laboratory or research 
establishment. Heating elements of 80/20 nickel 
chromium in coil form are housed in open groove tiles 
in the sidewalls surrounding a gas-tight heat-resisting 
steel retort giving an even temperature transference. 
A specially detachable spindle, automatically cooled fan 
motor is fitted in the base, driving a heat-resisting steel 
fan unit fitted within the base of the retort giving a rapid 
circulation of the carburizing gas, ensuring both uniform 


1 The Royce 
electric gas- 
carburizing 


furnace 


case depth and temperature distribution. The plug lid 
is fitted with a hand-operated power jack and swivel 
mast and, when in the closed position, a sealing lip 
engages in an annular seal in the gas-tight retort. Cooling 
vents are provided to give accelerated cooling of the 
furnace when required. 

The two methods for which this furnace may be used 
are: (a) use of a carburizing gas with or without an 
enriching gas (propane); (5) thermal deposition of hydro- 
carbon fluid injected directly into the work chamber. 

The equipment is supplied complete with fully- 
automatic temperature control with an indicating con- 
troller instrument and hydrocarbon injector unit or, 
where consumption demands, a complete enriched gas 
generator. 


Single-chamber metal washing machine 


I.F.A. Engineering Co. Ltd., 13-17 Rathbone Street, 
London, W.1, sole agent in the U.K. for Wache plants 
for the surface treatment of metals, announces the intro- 
duction of a new type of metal washing machine. This 
machine, although consisting of one chamber only, 
performs the task of a plant of two or three chambers 
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Using the spray method, it is suitable for pickling, 
degreasing and phosphating of all metal components. 

The wire basket containing the work to be treated is 
inserted into the spray chamber and the door closed by 
hand. The action of closing the door starts the stop 
clock, and the pre-set working sequence is commenced. 
First, the degreasing or treatment pump and rocking 
gear for oscillating the basket are switched on. At the 
end of a set time this pump is switched off and the tipping 
plate positioned to return the liquid to its specific tank. 
This is followed by the starting of the next pump and so 
the operation is repeated twice more. On completion of 
all these operations a signal light is switched on auto- 
matically to indicate to the operator that the treatment 
of the work is finished and that it can now be removed 
from the spray chamber 


Medium-capacity electric ovens 

A new range of medium-capacity electric ovens is being 
produced by Hedin Ltd., Commerce Estate, South 
Woodford, London, E.18. The ovens are a redesigned 
and improved version of an already well-tried product, 
and incorporate all the best features of modern oven- 
building practice. They are designed with vertical 
airflow for floor loading. Trolleys and guide rails can be 
provided as required to facilitate charging 


Double-skin steel construction is employed with 
fibre-glass insulation. Frameworks are all-welded angle 
and channel iron. Where it will help transport or erection 
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any oven can be supplied in sections. Doors are normally 
double-hinged and fitted with asbestos heat seals. How- 
ever, when it is important to save floor space, a vertical 
lifting door, counter-balanced for easy manual operation, 
can always be provided. In the closed position, this is 
secured with screw clamps. 


The air circulation unit, which may comprise one or 
two fans, is placed on top of the oven, where it is out of 
the way yet readily accessible for maintenance. The 
elements have heat-resisting, Inconel sheaths, and may be 
easily withdrawn from behind the vertical air guides on 
the oven sides, should they require attention. The 
control gear is housed in a separate cabinet, usually 
mounted on the side of the oven where it is clearly 
visible and, once again, readily accessible. 

Each oven is tested for temperature distribution and 
airflow before leaving the works. Normal variation is 

2°., of the working temperature. Internal dimensions 
fall generally within the range 5 ft. high by 4 ft. wide 
by 4 ft. deep up to 8 ft. high by 8 ft. wide by 8 ft. deep. 


New carbide tool for steel 


A review of carbide tool failures throughout most machin- 
ing shops would show a preponderance of breakage 
rather than normal wear. This is due to a number of 
factors, one of which is the tendency to use hard grades 
of carbide under unsuitable conditions. An inherent 
characteristic of carbide tips is that brittleness increases 
with hardness; thus there is a tendency for tools to 
fracture rather than to wear when conditions of use are 
not appropriate. 

Research into this problem has been conducted jointly 
by the British Thomson-Houston Co. Ltd., Rugby, who 
manufacture Ardoloy, and Alfred Herbert Ltd., Coventry, 
with the object of producing a grade of carbide having 
a better balance between hardness and brittleness than 
that of any existing similar material, and which will be 
capable of withstanding severe cutting conditions, 
particularly when shock loads, both mechanical and 
thermal, are present 

As a result of this research a new grade of Ardoloy 
known as AK with an identification colour of orange has 
been produced. The constituents of grade AK are 


4 Planing 40-ton tensile steel 
forgings with tools tipped with 
the new Ardoloy AK 

Cutting speed 130 ft. min. 
Feed 0-040 tn. 
Depth of cut 4 in. 

Two tools, one in each side box, are 
removing metal at an instantaneous 
rate of 62 cu.in. min. 

Photograph by courtesy of the 
British Thomson-Houston Co. Ltd 
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different from those of normal grades of Ardoloy and are 
processed by a new technique. 


Efficiency in cutting with carbide tools depends 
largely on their use on machines in good condition, 
circumstances which do not prevail in many plants. 
Ardoloy AK, however, has proved satisfactory on older 
machines providing the power is available. Premature 
chipping of the cutting edges has not occurred in tests 
carried out on a number of such machines. 


While the properties of grade AK will be more evident 
in heavy roughing operations on steel components, its 
versatility will soon become apparent. Though a cutting 
speed range of 150 to 250 ft. min. on steel is a broad 
average which will be ideal, this range can be extended 
for operating at speeds as low as 80 and up to 350 ft./min. 
The depth of cut, feed and speed can be determined to 
suit the power available. Cuts of over 1 in. deep and 
feeds of 0-060 in. rev. are well within its capacity and 
yet it is equally capable of showing a better performance 
under suitable conditions at 4 in. depth of cut and feeds 
of 0-005 in. to 0-010 in. /rev. 


Improved barrier cream 


The increasing use of barrier creams in industry has led 
to a number of experiments being carried out in an 
attempt to improve their efficiency. British Oxygen Co 
Ltd claims that the emulsion type of barrier cream can be 
improved by the addition of small quantities of P V P 
polyvinylpyrrolidone). (Patent Specification 797,992.) 

It is claimed that the P V P has the effect of enhancing 
the protective qualities of the cream. In addition, it gives 
a softening action which persists even after the hands 
have been washed. The addition of P V P substantially 
assists the removal of dirt or grease and the hands are 
left in a particularly clean condition. 

Experiments have shown that if the amount of P V P 
added to the cream is less than 0:2°,, the desired effect 
is not produced in many cases. On the other hand, if 
more than 2”,, is added, the cream has a tendency to 
make the hands sticky, although the other properties of 
the cream are not affected. It has been found that the 
correct amount to use is between 0-5°,, and 1-5%, of the 
total weight of the cream. The invention relates only to 
the ‘ emulsion type ’ of barrier cream. 
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Another high-temperature problem solved by 


NIMONIC ALLOYS 


30-TON FORGINGS SUSPENDED 
FOR HEAT TREATMENT 
AT 1,000°C 





A SPECIAL TYPE of ‘cruet’ for suspending 
forgings vertically during heat-treatment has 
been developed by William Beardmore and 
Company Limited. Weighing 4} tons, it con- 
sists of two main members of heat-resisting 
steel, joined together by bolts 4 ft. long. These 
bolts must carry the weight both of the 
lower member and a forging of up to 30 tons, 
through a continuous heat-treatment cycle 
involving temperatures of over 1,000°C for 
12-hour periods. 

Under these exacting conditions, the axle-type 
steel bolts which were first employed quickly 
failed through scaling and lack of mechanical 
strength. A mixed set was then incorporated, 
consisting of four bolts of heat-resisting steel 
and four of Nimonic 75. After a period of 
service, it was found that the steel bolts had 
extended and become virtually useless, and 
that the bolts of NIMONIC 75 alone were sup- 
porting almost the entire load. Because of this 
proved superiority, 3-in. diameter bolts of 
NIMONIC 75 secured to NIMONIC 75 nuts are 
now employed in all the ‘cruets’ used by 
Messrs. Beardmore for handling large forg- 
ings, with smaller bolts of the same material 
for forgings of up to 8 tons. 


NIMONIC 1 4 REGISTERED TRADE HARE 


a HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 


TGA wTAas 
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[ron ore as a by-product 


of nickel refining 


EXTRACTION of some 365,000 tons of iron ore annually 
from nickel ore slag, as a by-product of nickel refining, 
is a feature of International Nickel Company’s nickel 
plant at Copper Cliff, Ontario, which cost around 
$20,000,000. Percentage analysis of the ore is: iron, 65; 
phosphorus, 0-003; silicon, 1:5; sulphur, 0-01, and 
nickel, 0-15. 


Initially the combined ores are subjected to fluid-bed 
roasting and reduction in a rotary kiln combined with 
magnetic separation to divide iron and nickel. Operating 
conditions are somewhat critical in the roasters as in- 
sufficient oxygen promotes excessive quantities of mag- 
netite, which has a detrimental effect on nickel reduction. 
If the oxygen content of the roaster exhaust gases exceeds 
0-5°.,, sulphate is formed, interfering with the operation 
of the kilns and precipitators. The process is con- 
ducted at 1,450 F. (approximately 800°C.) with con- 
trolled oxygen supply, although the capacity of the 
plant would be increased if it were operated above 
800 C., but that would impair calcine activity in the 
reduction step 


Rotary kilns used 


Rotary kilns are used for reduction because of efficient 
gas-solids contact, greater capacity, simplicity, and safety 
During reduction, nickel oxides are converted to an 
ammonia-soluble metallic state, the reaction being com- 
plicated by the critical equilibrium between the various 
oxides in the charge. The presence of iron oxides 
prevents a large portion of the nickel from being reduced, 
nickel replacing iron in the oxides. To prevent this loss, 
a kiln operates in two steps. The first reduction is from 
1,600 to 1,650°F. (870 to 900°C.) in a strongly reducing 
atmosphere, limiting the formation of iron-nickel oxide. 
Ihe second reduction is at a relatively low temperature 
between 1,200 and 1,300°F. (650 and 700°C.), in which 
iron-nickel oxide decomposes and releases ferro-nickel. 


Ihe products of the reduction kiln are . primarily 
magnetite, ferro-nickel, and nickel-iron sulphide. Ferro- 
nickel and the sulphide go through several stages of 
ammonia leaching with the nickel going into solution. 
The magnetic solids left behind are treated in magnetic 
separators, finally being agglomerated by a pelletizing disc. 


Acheson Industries (Europe) Ltd. announces that 
Mr. C. R. Wills, B.sc.ENG.(LOND.), has been appointed 
general manager of Acheson Colloids Ltd., Plymouth 
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Classified Advertisements 


FIFTEEN WORDS 7s. 6d. (minimum charge) and 4d r word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word. 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2. 


ENGINEERING 


HOT BRASS PRESSINGS. London agent is terminating 
agreement and offers a live and substantial connection 
to progressive firm with capacity available.—Box HB 112, 
METAL TREATMENT AND DROP FORGING. 


MACHINERY FOR SALE 


FORGING PRESSES BY BLISS 


1,000 tons and 1,200 tons capacity 
Knuckle joint. Practically unused. Motorized 400 3 50 
Suitable for coining. 
J. Round Ltd., Toll End Road, Tipton. Phone 2141 2 


MASSEY 5-CWT. DROP HAMMERS (rigid slide type), mounted 
—Norman E. Potts (Birmingham) Ltd., 130 Moseley 
Road, Birmingham 12. Vic. 1278. 


WiLp-BarRFIELD type CTF 2624 Forced Air Circulating 
Tempering Furnace, complete with Control Gear. 
Manchester Furnaces Ltd. Double-deck Oil-fired Harden- 
ing and Tempering Furnace.—Whitefield Machinery 
& Plant Ltd., Cobden Street, Salford 6. Tel.: PEN. 4746 


CAPACITY AVAILABLE 





Heat-treatment by H.F. Induction 


We can undertake to harden your parts in large 

or smal! quantities by the most modern methods. | 

Send your samples for trial or visit us to see our 
wide range of hardening equipment. 


EFCO Heat-treatment Division 


Wellington Street Extension, Burton-on-Trent 
Telephone 4861 





NEW CONTINENTAL OXYGEN-STEELMAKING PROCESSES 


BY ARRANGEMENT with the Iron and Steel Institute, the nine papers which were presented on the first 
iday of the Journées Internationales de Sidérurgie in Liége last June have been translated into English 
and have appeared at fortnightly intervals in Jron and Coal Trades Review. All nine papers in a com- 
bined reprint, forming a special booklet with the above title, have now been issued and copies of the 
booklet may be obtained from the publisher, Iron and Coal Trades Review, 17/19 John Adam Street, 
Adelphi, London, W.C.2. The cost per copy is 10s. 6d., post free. A remittance should accompany 
orders. 
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MORE fetta BEGIN WITH BORON 
| A shining face for modern building 


A clean, permanent and colourful finish to the outside as well as the 
inside of buildings is an attractive prospect in architecture. It is provided 
by the use of ‘curtain walls’ of vitreous enamelled steel, which require 
less space than load-bearing walls, resist the elements better and cost far 
less to erect. In the production of tenacious and gleaming enamels for 
every purpose, borax is a vital ingredient. This contribution to building 
economy and progress is another new idea that is made possible by the 
use of this familiar product. In nuclear research, in new synthetic 
materials, and in rocket fuels, as well as in established fields of industry 
and pharmacy, the varied properties of boron compounds give rise to 
many new possibilities for progress. 


BORON IN THE WIRE INDUSTRY 


In wire manufacture, the uses for borates are well-established. Steel rod or wire 
is dipped in a hot borax bath to neutralize the last traces of pickling acid and to 
provide a coating which acts as a lubricant carrier. The process also protects 


against rust and makes the handling of the wire safer, cleaner and easier 
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For further information on Boron and its compounds, write to 


)BORAX CONSOLIDATED LIMITED 


BORAX HOUSE CARLISLE PLACE-+- LONDON Swit 
TELEPHONE: VICTORIA 9070 


26 MULE TEAM’ Rewistered Trademark 3 \%RYoteeqseene adage 
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BURDON 


The name to remember when . y 





you think of Furnaces. Half 
a century's experience and 
“know-how” guarantees 
every installation. We make 
furnaces of every description 


including :- 


STRESS RELIEVING - HEAT TREATMENT - FORGING - HOT METAL RECEIVERS 


BURDON FURNACES LTD. 


37 LOCHBURN ROAD GLASGOW, N.W. 
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{ WIPROVED 


FORCED-AIR FURNACES © 
BY 


Simplified construction improves 
performance and keeps cost down 


? 


A Popular Change of Date 


4 
? 








What’s more, there is no sacrifice of quality. 
Construction is rugged; high grade materials 
are used throughout; control is fully automatic 
and the latest safety devices are incorporated. 





The centrifugal fans are large enough to cope 





— +— + + —— + + — 


with the densest loads, and temperature vari- T 
ation is practically nil when working on 
control. 


ENGINEERING 


marine, welding 


Little maintenance is required. All working 
parts are easily accessible, and element replace- 
ment is quick and simple, no major dismant- 
S ling being required. 





These furnaces have a wide range of applica- T 
tions, and will deal quickly and accurately 
with both dense and loose loads. 





& nuclear energy 


The largest event of its } 
° : 
kind in the world 
If you are an Engineer—of whatever kind—this is YOUR 
. Exhibition. In Olympia on a floor space of over a quarter 
of a million square feet, over 500 of the world’s leading 
manufacturers will show their most up-to-date equipment 
for your benefit This Exhibition has been internationally 
famous for over 50 years. It occurs only once every two 


years. Previously it has been held in September, but in 
ELECTRIC VERTICAL 1959 for the first time it has been possible to meet the 
: popular demand for the Exhibition to be staged in the 
; Forced-Air Circulating Furnace eatan ol then pele 
+ Work container: 36” diameter 36" deep. 
Rating: 60 kW. Electric hoists and quench 
tanks are available as extras if required. OLYMPIA - LONDON 
Horizontal model also available APRIL Iéth—30th. 1959 
: Full details of these furnaces and of our ’ 
full range are readily available. Please Opening hours: April 27th, 28th, 29th—10 a.m. to 8 p.m 
wrete now. ALL OTHER DAYS—10 a.m. to 6 p.m. CLOSED SUNDAYS 


HEDIN LIMITED 


INDUSTRIAL HEALING SrcCIALISTS 
Commerce Estate, S. Woodford, London, E.18 
Telephone: BUCkhurst 6601-3 





Organised by 
F. W. BRIDGES & SONS LTD. 
Grand Buildings, Trafalgar Sq., London, W.C.2 
Tel: Whitehall 0568 (5 lines) 


Ny 
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made with 


REFRACTORY CONCRETE 


HE ADAPTABLE REFRACTORY MATERIAL 


FOR 


HEAT-RESISTANT FLOORS [ia 


OF ALL TYPES WHERE RADIANT HEAT OR SPILLAGE OF 


MOLTEN METAL OR SLAG IS LIKELY TO BE ENCOUNTERED 


| 
a 
~ 
a! 
y 


a 
te” 


READY 
FOR SERVICE 
IN 24 HOURS 


Write for information to the manufacturers of CIMENT FONDU 


LAFARGE ALUMINOUS CEMENT CO. LTD. 1: sroox street, Lomoon, W.1 Telephone MAYfair O5as 


AP W764 











metal treatment 








new and up-to-date edition 





and Drop Forging 
pe 
Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 
Gas or pack carburising with full 
x metallurgical control over all opera- 
tions 
Gleason quenching press equipment 
x for pieces up to 36” dia. plus wide ex- 
perience in the control of distortion 
Flame-hardening of gears up to 10 ft. 
x dia. with latest electronically con- 
trolled equipment 
E. N. V. ENGINEERING COMPANY LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
Telephone LADbroke 3622-3-4-5-6 
APO 


THE HEAT-TREATMENT 


OF STEEL 





By EDWIN GREGORY, 
Ph.D... M.Sc. (Lend.), etc., and 
ERIC N.SIMONS. New 2nd Edition 


This book not only explains what has to be 


done 


In 


neu 


rece 


hut why it covers every phase of the subject 
n the principle s to the practice, and 

there are chapters on pyrometry, furnaces, 

atmosphe re¢ mtrol, quen ‘hing media, ¢€ 

uldition every class of ateel is discussed 

and treatments for them described Thais 

edition has been brought up to date with 

levelopments Fully Ulustrated 

From hooksellers, 35 net 





PITM i \ Parker Street, Kingswa 


Landon 


Wt 
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DIE SINKING 
CAPACITY 


Offered by Firm engaged solely on Die Sinking 
and Tool making for the Drop Forging and 
Allied Industries including Horizontal Forging 


DIES NORMALLY SUNK IN THE HARDENED 
AND TEMPERED CONDITION ON CUSTOMERS’ 
MATERIAL IF REQUIRED 


Any size blocks up to approx. |2 cwts. each 
DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer 
quick deliveries combined with any limit of accuracy 


SAWBRIDGE & CO. 


27 TEMPLE BAR - WILLENHALL - STAFFS 
Telephone: Willenhall 258 























THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steei Makers 


"W tt (HIGH SPEED STEELS 
MONARCH § HOT & COLD DIE STEELS 
{TOOL HOLDER BITS 

“HARDENITE " CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 

“HELVE™ 


ROYOS 
HARDENITE 
ATTERCLIFFE 


( CARBON TOOL STEEL for 
i CHISELS, PUNCHES, &c. 


WORKS 
STEEL 
ROAD, 


AND 
WORKS 
SHEFFIELD 4 


Export Depertment 
THE HARDEN!ITE STEEL COMPANY LIMITED 


Telephone 
Sheffield 2213! 


Telegrams 
Shafting, Sheffield. 4 
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power hammers WITH A DIFFERENCE 


All the hammers in this 
modern forge have been 
isolated by _ installing 
Mellopad anti-vibration 
material when the found- 
ation was laid, thus reduc- 
ing transmitted vibration 
to a minimum. 

Mellopad is recommended 
by leading hammer manu- 
facturers as suitable 
ancillary equipment for 
their ® machines, also for 
foundry jolters, drop stamps, 
etc., and for the isolation 
of most precision machines. 





Photograph by courtesy of 


_@). MELLOWES & CO. LTD. 


SHEFFIELD - LONDON - OLDHAM 


METALLURGICAL INSTRUMENTS 
by Nash & Thompson 


B.N.F. Coating Thickness Meter 
Metallurgical Mounting Press 
B.N.F. Metal Sorter 

Electrolytic Polisher 








RYN S 


One or other of these four 
instruments will find an 
application in your Works 
or your Laboratory. For 
further information on these 








and other products in the 
N. & T. range, write to: 





Nash and ThoMPsO 2170. osicionnoss,ctesingion, suey. Eimbridge 25 


WHG NT70 
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HEAT 
TREATMENT 


Specialised services offered for the treat- 
ment of raw and semi-finished ferrous 
metals 


@ MANGANESE STEEL CASTINGS 

@ PLAIN and ALLOY STEEL FORGINGS 
@ S.G. IRON CASTINGS 

@ BLACKHEART MALL. CASTINGS 

@ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED 


PENISTONE ROAD - SHEFFIELD 6 


ALLOY STEELS - too! 


OR many years it has been 

known that -40/50°,, Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 
four to five times the normal. 


“EWER people are aware that 
Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or ‘phone for full information 


FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
SHEFFIELD, | Telephone 21627 








Cut your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, 100,000 r.p.m. for Stones 
i)” to 2” dia. 

AJAX MK. 11, 50,000 r.p.m. for Stones 
}” to }” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
4” to |" dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
1}” to 2” dia. 

Literature on request from Manufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 











ABBEY HEAT 
TREATMENTS LTD. 


Plaza W orks, High St., Merton, 5.W.19 

® 
Specialized Heat Treatment 

in our NEW Capacity Furnace 

with non-oxidizing atmosphere 
. 

SPECIALLY DESIGNED for the heat 

treatment of high temperature alloy 


materials up to 1,300°C. 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


AlLD. DILARM. & LEME. Approved 
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Forge Ahead 


in quality of product 
by using Peart 
induction heating 










Peart Induction heaters cut 
costs all along the production line 
They provide the exact amount of heat 
precisely where it is required . . . eliminate 

scale formation, increase die life, are easily 
adaptable ... reduce power and labour costs to the 
minimum. Peart engineers welcome unusual! heat treat- 
ment problems. Why not set them to work on yours? 





A INDUCTION HEATING 


E. PEART & CO. (ELECTRONICS) LTD., ONWARD WORKS, HYDE, CHESHIRE Telephone: 3545 (4 lines) 





HEAT TREATMENT 
and 


MECHANICAL TESTING 


* 
SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW, F.I.M. 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE - COLD BEND TESTS - IZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 


Abproved : A.I.D. B45587/39 LA. 1A/42/2/41 A.R.B. Al/2368/46 


BACON LANE WORKS <- SHEFFIELD, 9 


Telephone 41061-2 Telegrams : Special, Sheffield 




















metal treatment 
and Drep 


36 february 1959 


STAINLESS STEEL 
meal RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
CYANIOING POTS 


CASE MARDENING BOKES 
CAST IRON, BRASS, GUN METAL 
Pee yePerOOR BRON FE. ALUMINIUM eve 


Gh SPEED TOOL, DO % 
& SPECIAL ALLOY STEELS 
alee STAINLESS STEEL ROAD 
STUDS & SIGNS 





LINES 


HIGHLY ALLOYED STEEL 
CASTINGS 


JOrO 


a wide range of qualities 


castings are available in 


From a few ons up to 10 cwts each 


A prraved inepection fa te tw ‘ 
sal tine * ” 


M- Aehuson Minot WA 


Head Office BROADFIELD ROAD 


SHEFFIELD @ (Sheffield $2431) 





Paundry Aisiewoed Reo Vrefield 
AN ine Vee Brow ifie Row heffieid 
aten OFPiae ( entvel he e 


Upper Weburn Place, WC! 
(EUSten 086) 


Giaagow Office 


H. JOHNSON FOSTER 


#3 Hope Sores, ( 


LTD. STEELMAKERS & FOUNDERS 
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Vacuum Furnaces 
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As chance-less as chess! 


The chess-master is a shrewd planner nothing 


Wh 
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is left to chance ! 

So it is in VACUUM METALLURGY where 

critically planned and controlled 

processes produce super-clean metals 

and alloys with amazingly improved strength 

and physical properties 

EFCO-EDWARDS HIGH VACUUM FURNACES 

are designed fully to exploit this remarkable 

technology and to produce superior metals by 

the ‘sample’ pound or by the ton ready 

for the high-temperature, high-stress demands 
the * 


of nuclear-jet-rocket-world 





vacuUM FURNACES aft 
capacities) ARE AVAIL UI 
ron BRATING, MELTING 
CASTING. ANNEALING 
HEAT. TREATMENT 


EDWARDS HIGH VACUUM LTD 


anor Reval, Crawley, Sussex Crawley 1500 
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You're *‘in. the clear”. with 
Mr. Therm’s Smokeless Coke and. Gas. 
> For expert technical advice on Smokeless Fuel 


consult your Area Gas Board. 


{ vi 4 
VA AND - li million housewives cook by GAS! 


teewed by the Gas Counc 
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